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ABSTRACT	
Invasive	plant	populations	within	Mount	Rainier	National	Park	are	a	biological	
and	ecological	threat	to	the	unique	mountain	landscape.	A	better	understanding	of	their	
distribution	and	transport	within	the	landscape	is	needed	to	improve	invasive	species	
monitoring	for	National	Park	Service	management.	This	study	investigates	how	invasive	
plant	populations	in	Stevens	Canyon	are	utilizing	the	debris	cone	disturbances	and	
associated	geomorphic	processes	to	facilitate	movement	within	the	park.	Vegetation	
transects	were	performed	along	Stevens	Canyon	Road	(to	observe	the	roadside	
community	composition)	and	on	the	debris	cone	features	(to	observe	species	
movement	from	the	roadside).	These	vegetation	observations	are	presented	spatially	on	
land	surface	profiles	generated	to	observe	where	on	the	debris	cones	the	invasive	
species	are	most	successful	at	movement.	This	study	improves	understanding	of	how	
invasive	plant	movement	is	associated	with	geomorphic	processes	on	the	land	surface,	
providing	a	mechanism	for	movement.	Results	identified	two	species,	St.	John’s-wort	
(Hypericum	perforatum)	and	common	mullein	(Verbascum	thapsus),	utilizing	channels	
and	bulges	on	the	debris	cone	surfaces.	These	observations	suggest	that	hydrologic	flow	
and	sediment	movement	downslope	serve	as	the	primary	vectors	of	invasive	plant	
movement.	As	a	highly	dynamic	geomorphic	park,	Mount	Rainier	has	many	disturbed	
landscapes	below	and	adjacent	to	invaded	roadsides	with	the	same	landscape	types.	
This	study	identifies	these	active	landscapes	as	areas	for	increased	focus	and	treatment	
for	invasive	plant	management	within	the	park.  
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CHAPTER	I	:	INTRODUCTION	
 
Problem	
 
	 In	the	United	States,	one	of	the	most	significant	biological	hazards	to	aquatic	
areas,	cropland,	rangeland,	and	wildlands	is	invasive	plant	species	(Mullin	et	al.	2000).	
This	is	also	true	within	national	parks.	The	National	Park	Service	(NPS)	manages	
approximately	1.4	million	acres	of	land	impacted	by	over	6,500	invasive	species	(NPS	
2009).	Of	those	6,500	invasive	species,	70%	are	invasive	plants	that	have	invaded	
approximately	5%	of	park	lands	(NPS	2009).	Landscapes	of	frequent	disturbance	within	
the	parks	are	considered	most	susceptible	to	invasion	(Rochefort	et	al.	2016).	The	
control	of	invasive	plant	species	has	been	a	large	component	of	the	NPS’s	natural	
resource	management	mission	since	the	1980s.	The	invasive	plant	control	program	
implemented	in	numerous	national	parks	is	known	as	the	Integrated	Pest	Management	
Program	(NPS	2018a).	These	crews	are	responsible	for	limiting	the	impact	and	spread	of	
invasive	plants,	but	this	is	no	simple	task.	
Every	year	between	1	and	2	million	individuals	from	all	over	the	world	visit	
Mount	Rainier	National	Park	(MORA)	in	the	Cascades	of	Washington	State	(NPS	2017a).	
Visitors	primarily	travel	to	the	park	to	marvel	at	the	iconic	mountain,	wander	the	
sublime	subalpine	meadows	and	unique	forest	environments	surrounding	the	glaciated	
peak,	and	enjoy	an	abundance	of	recreational	opportunities.	Little	do	many	visitors	
know	the	mountain	landscape	is	being	increasingly	altered	by	invasive	plant	species	that	
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have	breached	the	park	boundary.	These	invasive	plants	have	continued	to	enter	the	
park,	suspected	to	be	inadvertently	brought	in	by	the	visitors	themselves	(Pauchard	et	
al.	2009).	Protection	of	the	fragile	subalpine	meadows,	unique	mix	of	conifer-dominant	
forests,	and	dynamic	riparian	habitats	is	a	priority	of	the	Integrated	Pest	Management	
Team	(IPMT)	of	MORA.		The	IPMT	crew	is	annually	sent	out	using	the	MORA	invasive	
plant	management	plan	to	reduce	impacts;	and	with	time,	eliminate	invasive	species.	
However,	the	crew	protecting	the	mountain’s	native	plant	communities	experience	
unfortunate	setbacks	due	to	inconsistent	past	mapping	of	invasive	species	and	
fluctuating	movement	of	invasive	plants	within	the	park.		
Missing	from	this	management	plan	is	an	understanding	of	the	dynamic	plant	
distribution	in	the	park,	which	makes	proper	resource	management	of	aggressive	
invasive	plant	species	a	difficult	task	to	approach.	Climate	change	adds	another	complex	
obstacle	to	adjust	to	when	managing	invasive	plant	populations	at	Mount	Rainier.	
Climate	change	is	an	invasive	plant	management	issue	because	increasing	climatic	
changes	in	elevated	mountain	environments	(increased	temperatures	and	reduced	
snowpack)	is	thought	to	increase	invasive	plant	colonization,	potentially	due	to	
increasing	landscape	disturbances	and	visitation	(Pauchard	et	al.	2009;	Riedel	and	
Dorsch	2016).	Additionally,	the	park’s	changing	climate	is	suspected	to	increase	the	
frequency	of	geomorphological	events,	such	as	landslide	and	rock	falls,	contributing	to	
more	disturbed	landscapes,	some	at	higher	elevations	(Riedel	and	Dorsch	2016).	
Geomorphically	disturbed	landscapes	may	facilitate	a	higher	potential	for	increased	
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plant	invasions.	By	understanding	plant	spreading	on	these	landscapes,	MORA’s	invasive	
plant	management	plan	can	better	protect	the	various	unique	MORA	habitats	from	
aggressive	invasive	species.	
	
Purpose	
 
The	purpose	of	this	study	is	to	investigate	invasive	plant	populations	associated	
with	the	actively	disturbed	valley	slopes	and	riparian	zone	of	Stevens	Canyon,	which	is	
located	in	the	southeast	section	of	MORA	in	Washington	State.	The	study	provides	
information	to	help	answer	the	question:	Are	geomorphically	disturbed	landscapes	and	
related	processes	(landslides,	rock	fall,	and	hydrologic	processes)	facilitating	invasive	
plant	species	spread	and	colonization	within	MORA?		
The	goal	of	this	study	is	to	determine	if,	and	examine	how,	naturally	disturbed	
landscapes,	such	as	debris	cones,	facilitate	the	dispersal	of	invasive	plants	within	the	
park.	To	accomplish	these	goals	the	most	aggressive	and	successful	invasive	species	
were	identified	on	classified	debris	cones	in	Stevens	Canyon.	Their	presence	or	absence	
was	mapped	to	analyze	spatial	distribution,	recruitment,	success,	and	movement	within	
a	geomorphically-active	area.	
	
The	following	objectives	are	used	to	fulfill	the	study	goal:	
1)	To	categorize	debris	cone	formations	in	Stevens	Canyon	based	on	surface	cover,	land	
surface	features,	and	human	modification:	
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	 Categorizing	the	debris	cones	is	important	in	narrowing	down	if	and	how	the	
landscape	processes	of	Stevens	Canyon	are	facilitating	the	movement	of	invasive	plant	
populations.	Identifying	and	understanding	the	surface	cover	and	surface	features	of	the	
debris	cones	helps	identify	the	geomorphic	processes.	The	surface	features	and	covers	
were	identified	using	field	notes,	Google	Earth	images,	air	photo	images,	LiDAR	images,	
and	geologic	maps.	Identifying	human	caused	modifications	on	the	Stevens	Canyon	
landscape	allowed	for	an	understanding	of	how	human	management	of	park	
infrastructure	may	also	be	facilitating	the	movement	of	invasive	plant	populations.	
Additionally,	knowing	the	last	disturbance	activity	on	the	surface	provides	a	timeline	
and	understanding	of	how	active	debris	cones	are	in	the	Stevens	Canyon	landscape.	The	
last	known	activity	and	human	disturbances	were	identified	through	consulting	National	
Park	Service	staff	associated	with	geomorphic	and	road	related	operations.	
	 	
2)	To	observe	and	document	the	presence	of,	and	quantify	the	relative	abundance	of,	
invasive	plant	populations	established	on	the	roadside	and	debris	cones	of	Stevens	
Canyon:	
	 Stevens	Canyon	Road	is	the	known	introduction	area	and	source	of	many	
invasive	plant	species	in	MORA.	Additionally,	it	is	the	location	of	annual	treatments	for	
control	(treatments	are	considered	manual	and	chemical	removal	of	the	plant)	by	the	
MORA	invasive	plant	crew.	Roadsides	are	viewed	as	vectors	of	invasive	plant	spreading	
because	automobiles	are	known	to	transport	invasive	plant	seed	(Biek	2000),	and	
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invasives	have	been	found	in	high	abundance	in	this	location	previously	(Rochefort	et	al.	
2016).	The	busy	road	and	debris	cones	through	Stevens	Canyon	were	identified	as	a	key	
MORA	landscape	for	the	study	of	the	spread	and	colonization	of	established	invasive	
species.	This	objective	was	accomplished	by	conducting	transects	from	one	margin	of	
the	feature	to	the	other	across	the	top	(near	road),	and	middle	of	the	debris	cones.	
Bottom	transects	(near	Stevens	Creek)	were	planned	for,	but	conditions	did	not	allow	
for	safe	transects	to	be	completed.	While	surveying,	species	identification	and	
abundance	were	recorded	every	instance	a	selected	invasive	species	was	encountered.	
	
3)	To	analyze	the	recorded	locations	and	population	presence/relative	abundance	of	
selected	invasive	plant	species	on	maps	and	land	surface	profiles	of	the	Stevens	Canyon	
roadside	and	debris	cones:	
	 This	objective	used	the	observations	of	invasive	plants	from	Objective	2	and	
placed	them	on	the	debris	cones	in	order	to	identify	where	invasive	plant	densities	were	
the	highest,	and	whether	the	categorized	landscape	processes	(described	in	Objective	1)	
are	potentially	facilitating	dispersal.	This	objective	was	accomplished	by	taking	
presence/absence	and	abundance	data	gathered	in	the	field	and	applying	it,	using	
Adobe	Illustrator,	to	land	surface	profiles	generated	using	ArcGIS.	The	land	surface	
profiles	were	created	from	transects	recorded	by	GPS	during	the	transects.	This	data	will	
help	further	an	understanding	of	how	invasive	plants	are	dispersing	in	these	particular	
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mountain	environments.	Also,	this	objective	will	provide	knowledge	to	better	
understand	the	relationship	between	plant	ecology	and	geomorphic	processes.	
	
4)	To	compare	recorded	data	from	the	Stevens	Canyon	study	area	with	invasive	plant	
treatment	data	from	the	MORA	Invasive	Plant	Management	Crew	to	determine	if	
similarly	disturbed	landscapes	within	the	park	are	at	risk	of	invasive	plant	colonization:	
	 By	comparing	the	research	data	with	data	gathered	by	the	National	Park	Service	
during	treatments	of	roadside	invasive	plants,	additional	observations	on	disturbed	
areas	were	made.	Similar	glacially	carved	valley	landscapes	with	adjacent	roads	within	
MORA,	such	as	the	Highway	123	and	Highway	410	corridors,	if	under	the	same	
landscape	and	invasive	plant	conditions	as	Stevens	Canyon	could	be	at	risk	of	invasive	
plant	colonization.	The	resulting	data	sets	allowed	for	areas	to	be	recognized	as	
landscapes	to	monitor	and	treat	due	to	the	invasive	plants	present	and	similar	
landscape	conditions.	The	areas	of	comparison	were	identified	and	mapped	using	
Google	Earth.	The	identified	disturbances	adjacent	to	the	road	were	then	compared	to	
MORA	NPS	treatment	data	of	selected	species,	which	is	collected	for	every	mile	of	road	
in	the	park.	If	similar	in	geomorphology	and	species	composition,	the	areas	are	likely	at	
risk	of	invasive	plant	spreading.	This	objective	helps	the	study	because	it	shows	that	this	
particular	circumstance	is	not	unique	to	the	Stevens	Canyon	area,	is	a	concern	park-
wide,	and	suggests	invasive	plant	monitoring	of	these	disturbed	landscapes	is	needed.	
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5)	To	make	recommendations	to	invasive	plant	managers	about	disturbed	landscapes	in	
need	of	monitoring	and	treatment	as	a	result	of	the	potential	for	invasive	plant	
colonization	and	spreading:	
	 After	analyzing	the	data	and	obtaining	results	from	Objectives	1-4,	
recommendations	will	be	made	to	managers	on	how	and	where	to	target	disturbed	
roadside	landscapes	in	MORA.	Additionally,	broad	management	recommendations	will	
be	provided	to	curb	invasive	species	spread	in	mountain	environments.	
	
Significance	
 
	 Scientific	research	focused	on	invasive	plant	species	has	gaps	in	knowledge,	
especially	regarding	invasive	species	in	the	Pacific	Northwest	(Dalton	et	al.	2013).	This	
study	is	significant	in	that	the	results	provide	data	and	information	to	better	understand	
the	relationship	between	geomorphic	disturbances	and	invasive	plant	distribution.	
Additionally,	the	results	could	provide	insight	into	the	battle	ahead	in	invasive	plant	
management	with	landscape	change	and	ecological	change	increasing	with	climatic	
changes.	
The	information	and	data	provided	by	this	study	is	particularly	useful	to	MORA	
managers	and	will	support	resource	management	plans	because	of	the	current	lack	of	
mapping	of	invasive	plant	species	populations	on	disturbances	landscapes.	With	
populations	of	numerous	invasive	plant	species	already	established	within	the	park,	it	is	
necessary	to	conduct	research	on	the	status	of	invasive	plants,	where	they	may	be	
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moving,	and	how	they	are	using	the	landscape	to	spread.	This	project	provides	new	data	
and	information	on	Mount	Rainier’s	invasive	plant	populations,	which	aids	in	the	
development	of	a	more	productive	invasive	plant	management	plan.	Monitoring	and	
mapping	also	provides	insight	on	what	naturally	disturbed	areas	within	the	park	have	
invasive	plant	communities.	Recording	plant	density	and	composition	of	mapped	
disturbances	provides	a	more	concrete	idea	of	where	invasive	species	colonization	
within	the	park	is	occurring.	Additionally,	investigation	of	the	disturbed	areas	and	
identifying	the	type	of	disturbance	produces	information	about	where	new	invasive	
species	populations	might	be	found	or	be	moving	to.	Without	a	thorough	invasive	plant	
management	plan,	the	meadows	and	forests	of	Rainier	could	become	overgrown	with	
invasive	plant	species,	putting	the	ecological	and	physical	health	of	the	sensitive	
mountain	ecosystems	at	risk.	
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CHAPTER	II	:	LITERATURE	REVIEW	
 
Invasive	Plant	Species	of	Mount	Rainier	National	Park	
 
	 An	invasive	species	is	characterized	as	an	alien	species	whose	introduction	is	
likely	to	or	definitely	leads	to	economic	and	environmental	damage,	and	is	capable	of	
harming	human	health	(Clinton	1999).	In	this	context,	introduction	is	the	“intentional	or	
unintentional	escape,	release,	dissemination,	or	placement	of	a	species	into	an	
ecosystem	as	a	result	of	human	activity”	(Clinton	1999,	p.	6183).	The	National	Park	
Service	(NPS)	defines	invasive	species	as	such,	but	includes	occupation	within	park	lands	
due	to	the	same	actions.	The	NPS	takes	all	invasive	species	as	a	concern,	and	
management	is	mandated	(NPS	2006;	NPS	2016).		
Invasive	plant	management	ideally	helps	to	protect	and	preserve	native	
ecosystems	and	ecological	processes,	while	improving	visitor	experience	and	native	
habitat	for	sensitive	native	pollinators	(NPS	2016).	Additionally,	invasive	plant	
management	is	considered	an	important	aspect	of	the	NPS	climate	strategy	(NPS	2016).	
By	reducing	invasive	plants	as	an	environmental	stressor	on	native	plant	species,	it	
provides	natives	with	a	better	chance	of	adapting	to	ongoing	climatic	shifts	(NPS	2016).	
Over	the	last	century	in	the	United	States	many	invasive	plants	have	been	introduced	
and	established	damaging	populations.	Regardless	of	the	means	of	introduction	and	
origin,	invasive	plants	cause	economic	losses,	deterioration	of	natural	resources,	loss	of	
native	plant	species,	and	harm	ecological	health	(Mullin	et	al.	2000).	
	 Within	the	boundary	of	MORA	invasive	plant	species	threaten	the	health	of	
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natural	ecosystems	and	are	a	threat	to	biological	resources	(Rochefort	et	al.	2016).	
Mount	Rainier	has	1,008	vascular	plant	species	known	within	the	park	boundaries	and	
they	range	from	small	forbs,	ferns,	and	grasses	to	vines,	shrubs,	and	trees	(NPS	2018b).	
Of	the	1,008	vascular	plants	species,	153	are	invasive	plants	species	and	amount	to	15%	
of	the	total	vascular	plant	species	count	within	the	park	(NPS	2018b).	Some	invasive	
plants	are	the	descendants	of	gardening	plants	introduced	to	the	area	during	early	
settlement	of	the	park	surroundings	(Biek	2000).	More	invasive	species	were	introduced	
to	the	low	elevation	areas	via	horses	and	their	feed.	Most	recently,	automobiles,	
humans,	and	natural	processes	have	been	identified	as	vectors	of	invasive	species	
spreading	(Biek	2000).	Unfortunately,	the	153	invasive	plants	cannot	all	be	controlled,	
and	the	park	has	to	prioritize	management.	Of	all	the	invasive	plant	species	in	the	park,	
high	priority	species	are	those	that	are	capable	of	aggressively	colonizing	and	pushing	
aside	native	plant	species	(Biek	2000).	At	MORA	high	priority	species	include:	herb	
Robert	(Geranium	robertianum),	oxeye	daisy	(Leucanthemum	vulgare),	Canada	thistle	
(Cirsium	arvense),	Scot’s	broom	(Cytisus	scorparius),	fox	glove	(Digitalis	purpurea),	
butter	and	eggs	(Linaria	vulgaris),	tansy	ragwort	(Senecio	jacobaea),	common	tansy	
(Tanacetum	vulgare),	and	various	species	of	hawkweed	(Hieracium	sp.)	(Biek	2000;	
Rochefort	et	al.	2016).	Regardless	of	priority	status,	all	of	the	invasive	plant	species	at	
MORA	are	classified	and	on	the	list	of	invasive	species	of	concern	for	the	Noxious	Weed	
Control	Board	in	the	State	of	Washington	(Biek	2000).	
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Invasive	Plants	Monitored	in	Study	
 
Each	invasive	plant	considered	in	the	thesis	is	a	threat	to	the	overall	ecological	
health	of	MORA’s	forest	and	meadow	communities.	They	all	have	differing	
characteristics	that	cause	various	problems	for	resource	managers,	and	are	described	in	
detail	below.	The	most	significant	invasive	species	identified	in	this	study	is	Hypericum	
perforatum	or	Common	St.	John’s-wort,	and	is	described	last	in	this	subsection.	
 
Geranium	robertianum	–	Herb-Robert	or	Stinky	Bob:	
	 Geranium	robertianum	or	stinky	Bob	is	an	annual	invasive	geranium	species.	The	
small	pink	flowering	geranium	is	a	native	to	Asia,	but	is	found	globally	(Toft	2004;	
DesChamp	et	al.	2016).	In	the	United	States	stinky	Bob	is	found	on	the	East	Coast	
extending	west	into	the	Midwest,	but	in	the	western	US	it	is	limited	to	Oregon	and	
Washington	(Toft	2004).	In	Washington	State,	over	the	last	two	decades	stinky	Bob	has	
spread	aggressively	making	it	a	Class	B	state	noxious	weed,	and	was	found	within	MORA	
in	1999	(DesChamp	et	al.	2016;	Biek	2000).	Additionally,	in	Washington	it	has	been	
noted	to	occur	at	elevations	as	high	as	1,230	m	(Toft	2004).	As	an	invasive	species	stinky	
Bob	is	problematic	for	forest	communities,	especially	in	shaded	areas	because	it	is	
capable	of	spreading	quickly	and	dominating	forest	floors,	and	in	the	process	it	crowds	
out	native	herbaceous	and	low-growing	plants	(DesChamp	et	al.	2016:	Biek	2000).	
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Leucanthemum	vulgare	–	Oxeye	Daisy:	
	 The	oxeye	daisy	is	a	tall	perennial	herb	with	a	white	radial	flower,	and	is	one	of	
the	most	common	and	abundant	invasive	wildflowers	in	MORA	(Biek	2000).	It	likely	
spread	to	the	United	States	for	its	ornamental	value,	but	as	an	invasive	it	has	enough	
growing	intensity	to	form	pure	stands	(Khuroo	et	al.	2010).	The	dispersal	of	this	species	
is	very	effective	as	it	spreads	by	wind,	and	is	capable	of	reaching	elevations	of	1,524	m	
(Biek	2000;	Khuroo	et	al.	2010).	Typically	found	on	roadsides	oxeye	daisy	can	occupy	
open	landscapes,	but	through	successful	dispersal	of	seeds	by	wind	it	can	spread	to	
subalpine	and	alpine	landscapes	where	it	can	cause	problems	for	native	species	diversity	
(Biek	2000;	Khuroo	et	al.	2010).	Unfortunately,	at	MORA	the	dispersal	of	oxeye	daisy	
seed	to	higher	elevations	has	already	begun,	as	the	invasive	daisy	is	now	found	
occasionally	in	the	subalpine	meadows	of	the	park	(Biek	2000).	
	
Cirsium	arvense	and	Cirsium	vulgare	–	Canada	and	Bull	Thistle:	
	 Both	Cirsium	arvense	and	C.	vulgare	are	common	invasive	species	with	bull	
thistle	occupying	every	state	in	the	contiguous	48	states,	and	Canada	thistle	occupying	
most	states	except	some	on	the	Gulf	Coast	(USDA	–	NRCS	2018).	Bull	thistle	is	a	short-
lived	perennial	herbaceous	plant,	with	purple	flowers	originating	from	Eurasia	
(DesChamp	et	al.	2016;	Eckberg	et	al.	2012).	When	invading	landscapes	it	is	capable	of	
forming	dense	stands	that	disrupt	or	crowd	out	native	vegetation	(DesChamp	et	al.	
2016).	Typically,	bull	thistle	is	prone	to	invade	pastures	and	rangelands,	however,	within	
 
13 
 
the	boundary	of	MORA	the	invasive	is	common	in	open	areas	of	disturbed	ground	(Biek	
2000;	DesChamp	et	al.	2016).	This	is	worrisome	in	parks	such	as	MORA,	which	
experience	frequent	disturbance	due	to	its	dynamic	environment.		
Canada	thistle,	like	bull	thistle,	is	an	invasive	plant	introduced	to	the	United	
States	from	Eurasia,	and	is	considered	one	of	the	worst	invasive	plants	globally	
(Guggisberg	et	al.	2012).	Similar	to	bull	thistle	in	many	ways,	Canada	thistle	is	a	purple	
to	pink	flowering	perennial	capable	of	dense	infestations	that	can	outcompete	native	
plants	(DesChamp	et	al.	2016).	At	MORA,	Canada	thistle	is	common	on	roadsides	and	is	
capable	of	invading	disturbed,	open	areas	(Biek	2000).	Additionally,	Canada	thistle	is	
found	in	riparian	habitats,	making	it	a	potential	threat	to	the	very	active	river	corridors	
of	MORA	(Ringold	et	al.	2008).	
	
Hieracium	atratum,	Hieracium	aurantiacum,	and	Hieracium	caespitosum	–	Polar,	
Orange,	and	Meadow	Hawkweed:	
	 The	invasive	hawkweeds	in	MORA	are	biennial	and	perennial	herbs	with	yellow	
and	orange	flowers	(Biek	2000).	Hawkweed	species	are	native	to	central	and	northern	
Europe	and	are	a	widespread	invasive	species	in	the	United	States	and	Canada,	and	
considered	very	problematic	in	Washington	State	(Nugent	et	al.	2005).	Invasive	
hawkweeds	were	first	noticed	in	MORA	in	1975	when	a	population	of	polar	hawkweed	
was	found	on	the	west	side	of	the	park	(Biek	2000).	By	1999	both	meadow	and	orange	
hawkweed	were	established	in	the	park,	and	spreading	of	the	species	continued.	Polar,	
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orange,	and	meadow	hawkweed	are	all	known	to	occupy	roadsides	and	disturbed	
landscapes,	and	are	typically	found	below	975	m	in	elevation	(Biek	2000).	Of	the	three	
invasive	hawkweeds,	orange	hawkweed	is	the	most	aggressive	and	problematic	as	it	is	
capable	of	forming	large	mats	of	basal	leaves	from	runners	that	can	overwhelm	native	
herbaceous	plants	(Biek	2000).	Additionally,	Washington	has	classified	it	as	a	Class	B	
noxious	weed	making	it	a	priority	to	control	its	spread	(DesChamp	et	al.	2016).	
	
Centaurea	diffusa	and	Centaurea	stoebe	(biebersteinii)	–	Diffuse	Knapweed	and	Spotted	
Knapweed:	
	 Diffuse	and	spotted	knapweeds	are	aggressive,	invasive	plant	species	found	in	
Washington	State	and	the	boundary	of	MORA	(Winterowd	and	WSNWCB	2010;	Biek	
2000).	Typically	found	in	pastures,	fields,	and	travel	corridors,	knapweeds	are	capable	of	
invading	bare	ground	in	various	landscapes	(Winterowd	and	WSNWCB	2010).	At	MORA,	
spotted	knapweed	has	been	found	growing	on	the	downhill	margin	of	talus	slopes	near	
roads,	and	has	been	found	in	areas	close	to	1,524	m	(Biek	2000).	This	suggests	
knapweeds	could	use	disturbed	slopes	to	infiltrate	forest	communities	that	experience	
disturbances.	Additionally,	knapweeds	have	been	noted	to	colonize	meadow	areas	
(DesChamp	et	al.	2016),	making	them	a	potential	threat	to	MORA’s	subalpine	meadow	
landscapes,	but	only	if	they	spread	to	higher	elevations.		
Knapweed’s	aggressive	and	invasive	nature	allows	it	to	quickly	crowd	out	native	
plant	species,	dramatically	reducing	plant	diversity	in	an	area	of	infestation.	They	also	
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release	chemicals	into	soils	to	reduce	competition	from	neighboring	vegetation	
(DesChamp	et	al.	2016;	Winterowd	and	WSNWCB	2010).	Knapweeds	tend	to	reduce	
plant	diversity,	thereby	decreasing	habitat	and	ecosystem	quality,	and	pose	as	fire	
hazard	risks;	processes	that	open	up	areas	of	disturbance	for	further	spreading.	
Furthermore,	knapweeds	are	easily	moved	through	wind	and	water	dispersal	making	
control	of	their	spread	a	difficult	task	(Winterowd	and	WSNWCB	2010).	
	
Lathyrus	sylvestris	–	Flat	Pea:	
	 Lathyrus	sylvestris	or	flat	pea	is	a	weedy	invasive	species	with	pink	flowers	found	
primarily	in	the	Pacific	Northwest;	it	originated	in	parts	of	Africa,	Europe,	and	Asia	
(USDA	–	NRCS	Plant	Materials	Program	2002).	When	unmanaged	flat	pea	is	capable	of	
displacing	native	plant	species,	mainly	through	its	growth	pattern.	Flat	pea	has	tendrils	
that	it	uses	to	creep	or	climb	up	surrounding	vegetation,	and	if	no	support	is	nearby	it	
can	create	dense	mats	on	the	ground	(USDA	–	NRCS	Plant	Materials	Program	2002).	
Both	of	these	growth	mechanisms	pose	a	problem	for	natives	as	the	ground	mats	could	
grow	over	shorter	species,	and	individuals	with	vertical	support	can	drape	the	mat	over	
the	supporting	vegetation	(USDA	–	NRCS	Plant	Materials	Program	2002).	On	the	
landscape	flat	pea	can	take	successfully	to	disturbed	areas,	and	at	MORA	flat	pea	has	
been	found	in	riparian	landscapes	on	river	alluvium	(USDA	–	NRCS	Plant	Materials	
Program	2002;	Biek	2000).	The	characteristic	of	riparian	growth	suggests	that	river	
corridors	could	provide	means	of	spreading	for	the	invasive.	Additionally,	in	MORA	flat	
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pea	is	typically	found	in	areas	of	lower	elevation,	Longmire	and	Kautz,	but	could	persist	
higher	(Biek	2000).		
	
Mycelis	muralis	–	Wall	Lettuce:	
	 Wall	lettuce	is	an	herbaceous	biennial	invasive	species	with	yellow	flowers	native	
to	Europe,	and	was	introduced	primarily	to	the	Pacific	Northwest	and	portions	of	the	
Northeastern	United	States	(USDA	–	NRCS	2018).	Wall	lettuce	is	widespread	at	MORA	
from	White	River	to	Ohanapecosh	to	the	Nisqually	Entrance,	and	is	worrisome	because	
it	is	capable	of	growing	in	many	landscapes	within	the	park	(Biek	2000).	In	its	native	
European	range,	wall	lettuce	is	capable	of	growing	in	a	wide	range	of	elevations	from	
sea	level	to	2,300	m	(Clabby	and	Osborne	1999).	Wall	lettuce	is	found	to	occupy	areas	of	
shade	and	full	sun	in	open	woods,	woodland	clearings	and	margins,	and	open	mountain	
habitats	(Clabby	and	Osborne	1999;	Biek	2000).	This	allows	it	to	occupy	roadsides	like	
many	invasive	species,	but	also	allows	it	to	creep	into	disturbed	open	areas	in	forested	
landscapes.	Additionally	because	it	is	shade	tolerant,	it	can	spread	into	undisturbed	
forest	landscapes,	which	suggests	that	no	disturbance	is	needed	for	wall	lettuce	to	
invade	numerous	MORA	landscapes	(Biek	2000).	
	
Digitalis	purpurea	–	Foxglove:	
	 Digitalis	purpurea	or	foxglove	is	a	weedy	biennial	invasive	plant	with	bright	pink	
flowers	native	to	Europe.	It	is	found	extensively	in	the	northeast	and	northwest	US	
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(USDA	–	NRCS	2018).	Foxglove	is	known	primarily	to	invade	areas	of	soil	disturbance	
that	receive	high	amounts	of	sunlight,	and	can	spread	widely	through	an	immense	
amount	of	seed	produced	per	plant	(Gray	2005).	Foxglove	is	both	a	medicine	and	a	
toxin.	The	heart	medicine,	digitalis,	is	derived	from	the	foxglove	plant,	but	consuming	
the	plant	or	unregulated	usage	is	life-threatening.	In	MORA,	foxglove	is	common	at	low	
elevations	along	roadsides	and	in	open	areas	of	disturbance.	Additionally,	the	invasive	is	
capable	of	invading	disturbed	ground	in	river	corridors,	which	may	result	in	colonization	
and	continued	spreading	within	the	park	(Biek	2000).	
	
Hypericum	perforatum	–	Common	St.	John’s-wort:	
A	good	example	of	the	damaging	power	of	an	invasive	species	with	influence	in	
the	Pacific	Northwest	is	Hypericum	perforatum	or	St.	John’s-wort.	St.	John’s-wort	is	a	
common	invasive	in	MORA,	and	it	poses	a	threat	to	the	native	vegetation	by	heavily	
occupying	disturbed	areas	and	its	ability	to	encroach	on	forest	landscapes.	It	was	one	of	
the	more	significant	species	identified	and	frequently	encountered	in	this	study.	
In	the	United	States	St.	John’s-wort	is	an	introduced	plant	species	considered	a	
noxious	weed	in	seven	states	and	is	a	common	invasive	plant	in	MORA	(Biek	2000;	
Sheahan	2012).	St.	John’s-wort	is	a	known	medicinal	herb	native	to	Europe,	Asia,	and	
Africa,	but	has	an	extensive	range	from	ocean	to	ocean	in	North	America	(Zouhar	2004;	
Sheahan	2012).	The	invasive	plant	is	commonly	found	in	grassland,	pastures,	meadows,	
and	rangelands	of	its	native	habitat,	which	is	an	alarming	characteristic	when	
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considering	the	subalpine	meadows	of	Mount	Rainier.	However,	it	seems	to	be,	for	now,	
limited	to	landscapes	below	1,524	m	(Biek	2000).	St.	John’s-wort	is	capable	of	spreading	
by	multiple	mechanisms,	wind,	water,	animals,	and	humans,	making	it	potentially	
difficult	to	contain	(Zouhar	2004).	In	non-native	habitats,	where	found,	St.	John’s-wort	is	
a	threat	to	economic	and	environmental	health.	Economically,	St.	John’s-wort	is	a	threat	
to	the	livestock	industry	as	the	plant,	in	the	extreme	cases,	causes	blindness,	comas,	and	
death	in	livestock	that	consume	it	(Sheahan	2012).	In	landscapes	where	St.	John’s-wort	
is	an	invasive	it	typically	occupies	disturbed	areas,	and	is	characterized	as	an	early	
successional	species	(Zouhar	2004;	Sheahan	2012).		The	invasive	can	also	encroach	into	
other	environments	such	as	forest	clearings,	especially	areas	influenced	by	fire.	
St.	John’s-wort	is	capable	of	spreading	through	many	different	mechanisms	and	
has	adaptations	for	success	in	harsh	environments.		St.	John’s-wort,	like	many	plants,	
has	adapted	to	be	partially	wind	dispersed	due	to	small	seeds,	and	has	sticky	seed	coats	
to	improve	dispersal	by	animals	(Zouhar	2004;	Sheahan	2012).	However,	St.	John’s-wort	
has	further	improved	dispersal	and	colonization	ability	through	the	roots.	Injured	or	
broken	roots	from	St.	John’s-wort	will	produce	buds	that	will	develop	new	root	crowns	
and	viable	seedlings	(Sheahan	2012).	Seedlings	have	also	been	observed	growing	
directly	from	strong	taproots	from	the	parent	plant,	which	is	an	easy	way	to	quickly	
increase	plant	density	and	invasive	ability	(Sheahan	2012).		The	roots	of	St.	John’s-wort	
can	be	inoculated	with	vesicular-arbuscular	mycorrhizal	fungi	(Zouhar	2004).	Vesicular-
arbuscular	mycorrhizal	grows	from	the	plant	roots	and	improves	nutrient	intake	and	
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growth	ability,	which	helps	St.	John’s-wort	survive	in	harsh	environments	with	limited	
resources	(Zouhar	2004;	Sheahan	2012).		When	established	in	these	more	natural	
environments,	St.	John’s-wort	is	capable	of	crowding	out	natives	and	has	a	viable,	
lasting	seed	bank	in	the	soil	for	several	years	(Sheahan	2012).	The	seed	bank	is	capable	
for	lasting	years	and	viable	for	growth	even	after	being	crowded	out	and	grown	over	by	
native	plant	species	(Sheahan	2012).	
	 To	limit	the	spread	and	impact	of	the	invasive	plants	in	national	parks	the	NPS	
created	the	IPMT	(Invasive	Plant	Management	Teams)	program	and	treatment	plan	in	
2000,	and	it	first	began	in	Lake	Mead	(NPS	2019).	There	are	currently	17	regional	teams	
across	the	U.S.	protecting	approximately	290	park	units,	and	with	many	more	teams	
protecting	independent	parks,	such	as	MORA’s	team	(NPS	2019).	The	goal	of	the	teams	
is	to	inventory	and	monitor	invasive	plant	populations	to	detect	spread	early	and	rapidly	
respond	in	order	to	prevent	invasion	and	ecological	damage	(NPS	2019).	To	prevent	
spread,	throughout	the	growing	season	teams	implement	treatment	and	control	
methods	(mechanical,	chemical,	and	biological)	that	are	unique	to	different	regions	and	
teams.		
After	treatments	and	controls,	teams	continue	to	inventory	and	monitor	
treatment	areas	to	limit	any	compounding	impacts	from	invasion.	Additionally,	
restoration	of	native	habitats	is	part	of	the	management	plan,	and	is	crucial	because	
post	treatments	it	can	give	native	species	a	better	chance	at	colonizing	without	negative	
stress	from	invasive	species	(NPS	2019).	Without	the	IPMT	the	700-targeted	invasive	
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plants	nationwide	would	likely	be	overwhelmingly	problematic	in	national	parks	causing	
ecological	and	economic	damage,	and	changing	them	from	the	picturesque	landscapes	
we	have	come	to	love	(NPS	2019).	
	
Mount	Rainier	Geomorphology	
 
Depositional	and	erosional	processes	driven	by	glacial	activity	over	the	last	
120,000	years	play	an	important	role	in	creating	the	steep	valley	walls	and	dynamic	
environment	and	landscapes	of	MORA	(Pringle	2008;	Riedel	and	Dorsch	2016).	In	
addition	to	glacial	activity,	geomorphic	processes	in	deglaciated	environments	also	have	
a	pivotal	role	in	shaping	the	park’s	landscape	and	surface	cover	(Riedel	and	Dorsch	
2016).	These	deglaciated	environments	comprise	a	considerable	amount	of	area	within	
the	park,	and		known	by	the	specific	term	“paraglacial”	(Church	and	Ryder	1972;	
Ballantyne	2002a;	Riedel	and	Dorsch	2016).	
Church	and	Ryder	(1972,	p.	3059)	first	used	“paraglacial”	to	define	“non-glacial	
processes	that	are	directly	conditioned	by	glaciation.”	The	term	was	later	adjusted	and	
is	now	defined	as	the	area	where	Earth’s	surface	processes	and	landforms	are	driven	by	
the	transition	from	a	glaciated	to	deglaciated	land	surface	(Ballantyne	2002a;	McColl	
2012;	Knight	and	Harrison	2014).	The	withdrawal	of	stabilizing	glacial	ice	exposes	
unstable	landscapes	capable	of	being	easily	modified	and	disturbed	(Ballantyne	2002a).	
The	post-glacial	exposure	greatly	influences	slope	stability	and	increases	the	likelihood	
of	erosion	and	sediment	release	(Church	and	Ryder	1972;	Ballantyne	2002a;	McColl	
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2012).	
Through	erosion	and	sediment	release	from	steep	valley	walls,	many	geomorphic	
processes	occur	in	the	paraglacial	landscape,	resulting	in	unique	formations	within	
MORA.	The	erosional	or	sediment	release	processes	shaping	the	environment	include	
landslides,	debris	flows	or	torrents,	rock	fall,	soil	creep,	and	debris	avalanches	
(Ballantyne	2002a;	Ballantyne	2002b;	Janke	and	Price	2013;	Knight	and	Harrison	2014;	
Riedel	and	Dorsch	2016).	These	erosional	processes	form	transitional	and	depositional	
features	on	the	lower	valley	slopes	and	valley	floors	of	MORA	(Riedel	and	Dorsch	2016).	
The	paraglacial	features	include	talus	slopes,	debris	cones,	debris	fans,	alluvial	fans,	rock	
glaciers,	and	debris	aprons		(Ballantyne	2002a;	Janke	and	Price	2013;	Riedel	and	Dorsch	
2016;	Knight	and	Harrison	2018).	In	this	thesis,	the	debris	flow	or	torrent	erosional	
mechanisms	and	the	debris	cone	depositional	formations	are	of	particular	interest,	and	
shape	the	Stevens	Canyon	study	area	(Riedel	and	Dorsch	2016).	
Debris	flows,	debris	torrents,	and	debris	cones	are	common	along	valley	slopes	
in	mountainous	regions	globally	from	the	Cascades,	to	the	Himalayas	and	Scandinavia	
(Ballantyne	2002a,	Baroni	et	al	2012,	Wantanabe	et	al	1998).	Debris	flows	and	debris	
torrents	are	the	most	dominant	paraglacial	mass	wasting	or	erosional	processes	that	
occur	on	steep	deglaciated	valley	walls	(Ballantyne	2002a,	Baroni	et	al	2012,	Knight	and	
Harrison	2014,	Riedel	and	Dorsch	2016,	Slaymaker	1988).	These	events	are	
characterized	by	an	initial	slope	failure,	followed	by	a	downward	flow	of	water	and	
poorly	sorted	sediment.	They	are	initiated	by	large	precipitation	events,	storm	or	
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snowmelt	runoff,	rockfall,	and	avalanches	combined	with	sediment	instability	and	
steepening	of	valley	walls	(Ballantyne	2002a,	Riedel	and	Dorsch	2016,	Slaymaker	1988).	
However,	a	key	difference	between	the	processes	is	that	debris	torrents	are	considered	
channelized	debris	flows,	meaning	they	are	confined	to	a	gully	or	chute	during	
downward	flow	(Riedel	and	Dorsch	2016,	Slaymaker	1988).	Regardless	of	the	erosional	
mechanism,	the	paraglacial	reworking	processes	form	and	continuously	morph	debris	
cone	depositional	features.	
Debris	cones	are	cone-shaped,	surficial	depositional	landforms	of	unsorted	to	
poorly	sorted	materials	located	above	valley	floors	on	steep	deglaciated	valley	slopes	
(Ballantyne	2002a,	Eisbacher	and	Clague	1984,	Riedel	and	Dorsch	2016).	Debris	cones	
are	primarily	formed	by	the	accumulation	of	continuous	debris	flow	activity	materials	
such	as	organic	matter,	water,	rock,	and	sediment	(Ballantyne	2002a,	Wantanabe	et	al	
1998).	Within	MORA,	there	are	157	mapped	debris	cone	formations,	which	makes	up	
approximately	12%	of	the	total	land	surface	of	the	park	(Riedel	and	Dorsch	2016).	Long	
after	the	initial	formation	during	paraglacial	reworking,	debris	cones	are	capable	of	
being	further	influenced	by	geomorphic	processes.	Post-formation	disturbance	or	
modification	of	the	debris	cones	can	occur	during	avalanches,	rock	fall,	and	debris	
torrents	(channelized	debris	flows)	descending	from	gullies	or	chutes	above	(Riedel	and	
Dorsch	2016,	Wantanabe	et	al	1998).	
During	the	reworking	and	disturbance	processes,	sediment	and	water	are	
continuously	moving	through	the	debris	cone	system,	resulting	in	deposition	and	
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erosion.	These	characteristics	make	debris	cones	a	part	of	the	fluvial	transport	system	
within	mountainous	environments	(Ballantyne	2002a,	Knight	and	Harrison	2018).	Water,	
as	previously	mentioned,	contributes	to	the	system	through	snowmelt	and	precipitation	
events.	This	water	moves	through	the	debris	cone	system	via	gullies	above	the	
formations,	and	with	the	downward	hydrologic	flow,	sediment	and	associated	materials	
can	be	moved	throughout	the	sediment	transport	system	(Church	and	Ryder	1972).	This	
is	true	of	the	Stevens	Canyon	debris	cones	of	MORA.	First	order	streams,	supplied	by	
snowmelt	and	precipitation,	descend	Stevens	Ridge	to	form	the	debris	cone	formations	
along	the	canyon	walls	(Riedel	and	Dorsch	2016).		
Sediment	regularly	accumulates	and	erodes	within	debris	cones	during	
formation	and	disturbance	processes	post-formation.	Sediment,	as	previously	
mentioned,	is	supplied	to	the	debris	cone	system	through	debris	flows	and	torrents.	This	
fluctuation	in	sediment	deposition	and	accumulation	with	fluvial	action,	suggests	that	
debris	cones	are	temporary	sediment	sinks	or	stores,	and	heavily	contribute	to	the	
fluvial	processes	further	into	the	basin	(Church	and	Ryder	1972,	Ballantyne	2002a,	
Knight	and	Harrison	2018).	As	debris	cones	continue	to	lose	sediment	through	erosional	
processes,	incisions	or	channels	form	on	the	debris	cone	surface.	This	is	thought	to	be	
caused	by	a	decrease	in	sediment	supplied	by	hydrologic	movement	downslope	
(Ballantyne	2002a).	
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Geomorphology	and	Invasive	Species	
 
The	influences	of	depositional	and	erosional	processes	of	debris	cones	are	
critical	to	the	overall	landscape	ecology.	These	processes	are	also	capable	of	influencing	
the	ecological	parameters	of	the	debris	cone	surfaces	themselves	(Baroni	et	al.	2012).	
Geomorphic	and	environmental	characteristics	of	debris	cones	such	as	surface	stability,	
water	availability,	and	microclimate	are	capable	of	influencing	vegetative	colonization	
and	community	formation	on	debris	cone	surfaces	(Baroni	et	al.	2012).	Additionally,	
along	with	the	ecological	parameters,	surface	characteristics	and	debris	cone	internal	
structure	indirectly	and	directly	influence	vegetative	communities	(Baroni	et	al.	2012).	
Alpine	plants	often	require	very	specific	conditions	for	growth	and	face	
numerous	limiting	conditions,	such	as	climate,	topographic	disturbance,	shorter	annual	
growing	seasons,	wind,	and/or	more	extreme	diurnal	temperature	variations	(Körner	
2003).	Vegetation	in	mountain-environments	thrives	in	these	microhabitat	conditions	by	
adapting	to	specific	site	conditions	and	creating	their	own	“	(Gentili	et	al.	2013).	
However,	given	the	regular	depositional	and	erosional	disturbance	activities	in	debris	
cones,	it	is	uncertain	how	well-suited	these	environments	are	for	endemic	species	of	
MORA.	Invasive	species	however,	are	adapted	to	colonizing	disturbed	landscapes	and	
may	be	more	resilient	on	debris	cones.		
Hydrogeomorphic	processes,	such	as	those	found	in	the	paraglacial	landscape	of	
debris	cones	within	Stevens	Canyon,	are	a	seasonal	source	of	disturbance	that	may	
influence	the	colonization	by	invasive	species.	As	noted,	many	of	the	priority	invasive	
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species	found	at	MORA	inhabit	disturbed	environments	and	disperse	through	fluvial	
action	and/or	wind	(Biek	2000).	The	workable	materials	and	sediments	of	debris	cones	
are	an	extensive	land	surface	in	MORA	that	are	neglected	during	invasive	species	
monitoring	and	treatment	because	of	the	challenges	associated	with	accessibility.	
Baroni	et	al.	(2012)	examined	plant	communities	in	transects	along	a	
toposequence	in	the	Italian	Alps	and	identified	that	channels	may	act	as	conduits	or	
corridors	for	certain	plant	species.	However,	their	study	did	not	investigate	whether	the	
species	that	were	moving	through	landform	units	were	invasive	species	or	native	
species.	By	identifying	that	invasive	species	are	the	plant	community	most	effectively	
using	dispersal	corridors	on	debris	cones,	it	would	aid	management	greatly.	This	
knowledge	would	identify	paraglacial	landscapes	and	their	geomorphic	processes	as	
dispersal	areas	and	mechanisms	outside	of	the	typical	road	and	river	corridors.	
Specifically	to	MORA,	this	information	would	allow	the	invasive	plant	management	crew	
to	form	more	effective	treatment	strategies,	and	to	begin	control	of	populations	away	
from	front	country	settings	and	in	time	contain	them	to	the	front	country.	 	
 
26 
 
CHAPTER	III	:	STUDY	AREA	
	
Background	
 
Mount	Rainier	National	Park	(Figure	1.0.0)	in	the	southern	Cascade	region	of	
Washington	State	occupies	95,348	hectares	of	diverse	mountain	landscape	just	west	of	
the	Cascade	crest	(Biek	2000).	The	park	contains	environments	across	varying	elevations	
from	530	to	4,400	m,	including	glacial,	alpine,	subalpine,	and	forested	landscapes	(Biek	
2000;	Franklin	et	al.	1988;	Walsh	et	al.	2017).	Mount	Rainier	itself	reaches	an	elevation	
of	4,393	m	towering	over	the	surrounding	landscape	(Crandell	and	Miller	1974).	
	
Figure	1.0.0	-	NPS	Map	of	Mount	Rainier	National	Park	(NPS	2017c)	
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MORA	experiences	a	maritime	climate	characteristic	of	mountain	environments	
in	the	central	and	west	Cascade	Range.	Fall,	winter,	and	spring	at	MORA	are	cold	and	
wet	with	significant	amounts	of	snowfall	throughout	the	park,	typically	accumulating	
from	November	to	April	(Franklin	et	al.	1988;	Crandell	and	Miller	1974)	Summers	are	
warm	and	dry	with	marginal	amounts	of	recorded	precipitation	during	the	months	of	
July	and	August	(Figure	2.0)	(Franklin	et	al.	1988;	Crandell	and	Miller	1974).	Mount	
Rainier	causes	orographic	uplift	of	the	westerly	winds	from	the	Pacific	Ocean,	enhancing	
precipitation	on	the	windward	side	of	the	mountain	and	creating	a	rain	shadow	east	of	
the	summit	(Mass	2008).	This	results	in	drier	summer	and	winter	conditions	on	the	east	
side	of	the	park	in	comparison	to	the	west	(Biek	2000).	The	complex	topography	and	
elevation	gradient	throughout	MORA	creates	multiple	microclimates.	Paradise	
experiences	a	mean	annual	precipitation	amount	of	2,855	mm	with	mean	annual	
temperatures	between	-1.0°	and	7.5°	C	(Figure	2.0.0)	(Western	Regional	Climate	Center	
2016).	
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Figure	2.0.0	-	WRCC	climate	data	for	Paradise,	Mount	Rainier	(WRCC	2016)	
	
As	a	large	stratovolcano,	Mount	Rainier	has	seen	countless	eruptions.	The	
bedrock	in	the	park	is	primarily	andesite	and	basalt	lavas,	breccias,	and	some	volcanic	
sedimentary	rocks	and	shales	(Crandell	and	Miller	1974).	Additionally,	it	has	also	
experienced	an	extensive	amount	of	Pleistocene	glacial	activity	evident	in	the	
surrounding	topography	(Hemstrom	and	Franklin	1982).	At	MORA	about	11%	of	the	land	
is	occupied	by	26	glaciers,	which	have	shaped	the	park’s	landscapes	for	the	last	million	
years	(Riedel	and	Dorsch	2016).	Many	of	the	major	river	valleys	within	the	park	are	the	
result	of	extensive	glaciation	over	the	last	10,000	years	(Crandell	and	Miller	1974).	
Steep-sided	valley	walls	leading	to	prominent,	sharp	ridgelines	between	adjacent	valleys	
characterize	the	glacial-originated	river	valleys	surrounding	the	mountain.	This	glacial	
influence	has	resulted	in	quickly	changing	elevational	gradients	around	the	park,	which	
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create	diverse	ecosystems	and	microclimatic	conditions	within	the	park	that	foster	the	
establishment	of	unique	vegetation	communities	(Hemstrom	and	Franklin	1982).	
MORA’s	soil	classification	is	based	on	geologic	origin,	topography,	and	drainage	
features.	Four	major	soil	groups	support	MORA	vegetation	and	consist	of	tephra	soils,	
colluvial	soils,	alluvial	soils,	and	mudflow	derived	soils	(Crawford	et	al.	2009).	Andisol	
soils,	tephra	soils	from	pyroclastic	deposits,	are	common	in	alpine,	subalpine,	and	
forested	environments	throughout	MORA	(Franklin	et	al.	1988;	Crawford	et	al.	2009;	
Soil	Conservation	Service	1994).		
The	colluvial	soils	are	comprised	of	coarse,	unconsolidated	material	from	
multiple	parent	materials.	They	are	most	common	on	steep	slopes	at	all	elevations,	and	
the	older	colluvial	soils	are	thought	to	vary	between	inceptisols	and	spodosols	(Soil	
Conservation	Service	1994).	The	alluvial	soils	form	from	fluvial	deposition	from	glacial	
floods	and	normal	flooding	events.	The	majority	of	alluvial	soils	are	found	on	the	
margins	of	streams	and	rivers,	and	also	on	alluvial	slopes	and	fans	within	the	park	(NPS	
2005).	Mudflow	soils	are	a	mixture	of	soil	types,	tephra,	alluvium,	and	colluvium	
originating	from	lahar	events	(NPS	2005).	Additionally,	the	dominant	soil	orders	are	
spodosols,	found	in	forests,	and	histosols,	found	in	bog,	wet	meadow,	environments	and	
some	riparian	areas	at	high	elevations	(Franklin	et	al.	1988).	Subalpine	and	alpine	
environments	lack	a	developed	soil	type	and	include	areas	of	bare	rock	and	talus	slopes.	
However,	there	are	extremely	sensitive	cryptobiotic	soil	crusts	that	are	present	in	the	
fragile	subalpine	and	alpine	zones.	Increased	human	visitation	to	these	areas	has	
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resulted	in	the	loss	of	these	soils	and	an	increase	in	bare	rock	and	erosional	surfaces	
(NPS	2005).	
	 The	forests	and	vegetation	zones	of	MORA	are	unique	and	their	boundaries	are	
largely	the	result	of	elevation	and	temperature,	available	moisture,	and	disturbance	
history	(Biek	2000).	The	elevation	of	timberline	varies	throughout	the	park	and	depends	
on	the	area	around	the	mountain,	but	is	typically	limited	to	between	1,600	and	2,000	m.	
Additionally,	over	56%	of	the	total	area	of	the	park	is	forested	habitat	(Hemstrom	and	
Franklin	1982).	The	park	vegetation	zones	are	identified	by	the	most	dominant	tree	
species	in	the	vegetative	community,	and	are	the	Tsuga	heterophylla	(western	hemlock)	
Zone,	Abies	amabilis	(silver	fir)	Zone,	Tsuga	mertensiana	(mountain	hemlock)	Zone,	and	
a	subalpine	zone	(Biek	2000).	
Biek	(2000)	describes	the	forest	communities	of	Mount	Rainier,	including	the	
western	hemlock	zone,	the	silver	fir	zone,	and	the	mountain	hemlock	zone.	The	western	
hemlock	zone	is	generally	found	below	915	m	and	is	most	developed	in	the	river	valleys	
of	the	park.	This	zone	is	a	mixed	conifer	forest	with	Douglas-fir	(Pseudotsuga	menziesii)	
and	western	red	cedar	(Thuja	plicata).	The	understory	is	dense	with	a	lush	growth	of	
mixed	ferns,	herbs,	and	native	huckleberry,	blackberry,	and	salmonberry.	The	density	of	
native	vegetation	may	discourage	invasive	species	colonization	in	the	western	hemlock	
zone.	Valley	floors	and	slopes	consist	of	a	few	deciduous	maple	and	alder	species	that	
are	common	in	western	hemlock	zone	landscapes.	
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The	silver	fir	zone	is	found	between	762	and	1,433	m	within	the	park	and	on	
landscapes	of	level	ground	to	steep	valley	slopes.	Like	the	western	hemlock	zone,	the	
silver	fir	zone	is	a	mixed	conifer	forest	with	Douglas-fir	and	western	hemlock	present.	In	
areas	of	the	park	near	White	River,	Engelmann	spruce	(Picea	engelmannii)	and	
lodgepole	pine	(Pinus	contorta	var.	murrayana)	is	known	to	be	associated	with	the	silver	
fir	zone.	In	this	forested	zone	the	sparse	understory	is	herbaceous	vegetation	with	some	
shrubs,	presenting	a	more	open	landscape	for	invasive	plants.	This	is	the	vegetation	
community	present	in	the	study	area	and	is	further	discussed	in	the	next	section.	
The	mountain	hemlock	zone	is	the	highest	elevated	forest	community	in	the	
park,	found	above	1,220	m	and	below	timberline.	Below	timberline	the	forest	is	
moderately	dense,	but	becomes	thinner	with	elevation	resulting	in	clusters	of	trees	
amongst	meadow	communities.	Mountain	hemlock	is	limited	to	the	rocky	ridgelines	in	
the	zone	leaving	other	conifers	such	as	silver	fir,	subalpine	fir	(Abies	lasiocarpa),	and	
white	pine	(Pinus	albicaulis)	to	occupy	the	slopes	and	flat	areas	within	the	zone.	
Covering	the	open	understory	surface,	huckleberry	is	a	common	shrub	species	
associated	with	the	herbaceous	avalanche	lily	(Erythronium	montanum)	and	sitka	
valerian	(Valeriana	sitchensis).	Above	timberline	is	the	subalpine	zone	with	landscapes	
of	open	meadows	filled	with	native	wild	flowers	bound	by	trees	associated	with	the	
mountain	hemlock	zone.	The	vegetation	communities	in	the	subalpine	zone	consist	
mainly	of	low-growing	heather	species	and	huckleberry	shrub	species,	herbaceous	
perennials,	sedges,	and	bunchgrasses.	This	sensitive	landscape	is	vulnerable	and	under	
 
32 
 
stress	from	heavy	human	visitation	and	climate	change.	Climate	change	is	a	threat	to	
the	ecological	health	of	the	subalpine	community	because	increasing	temperatures	are	
facilitating	the	spread	and	colonization	of	lower	elevation	tree	species	and	associated	
vegetation,	and	as	mentioned	previously,	invasive	plants	(Biek	2000;	Rochefort	et	al.	
2016).	
	
Study	Area	
 
	 Identification	of	the	study	area	in	Stevens	Canyon	(Figure	3.0.0	and	4.0.0)	was	
based	on	the	professional	knowledge	and	opinion	of	the	MORA	ecological	restoration	
and	invasive	management	crew	supervisor,	Kim	Popek	(Popek	2018).	The	Stevens	
Canyon	study	area	is	located	on	the	south-southeastern	margin	of	MORA.	Specifically,	
the	areas	of	interest	within	Stevens	Canyon	are	the	south	aspect	slopes	below	Stevens	
Ridge,	and	more	importantly	below	Stevens	Canyon	Road.	The	study	area	encompasses	
an	area	of	approximately	.30	square	km	and	sits	below	1.30	km	of	Stevens	Canyon	Road,	
and	.8	km	of	Stevens	Ridge.	At	the	farthest	western	end	of	the	study	area	the	elevation	
is	the	highest	at	1,173	m,	and	on	the	eastern	end	the	elevation	is	1096	m.	This	
represents	77	m	of	relief	in	the	study	area	from	west	to	east.	The	study	area	contains	
the	Stevens	Creek	drainage	and	many	geomorphically	active	valley	slopes	with	identified	
debris	cones	of	various	sizes,	which	are	the	result	of	debris	torrents	and	rock	fall	events	
and	described	in	the	next	section	(Janke	and	Price	2013;	Riedel	and	Dorsch	2016).	
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	Stevens	Creek	is	the	major	tributary	of	the	Muddy	Fork	of	the	Cowlitz	River,	and	
drains	the	receding	Paradise	Glacier.	The	couloir	systems	(gullies	or	chutes	coming	down	
from	a	peak	or	ridge)	descending	from	Stevens	Ridge,	above	the	study	area,	are	the	first	
order	streams	supplying	the	drainage	(Riedel	and	Dorsch	2016).	The	area	is	regularly	
active,	and	the	last	major	event	occurred	during	a	flood	event	in	2006	when	a	debris	
flow	from	Stevens	Ridge	covered	the	road	and	continued	downslope	to	Stevens	Creek	
(Riedel	and	Dorsch	2016).	The	most	recent	event	in	Stevens	Canyon	was	October	28th	of	
2018,	and	was	a	rock	fall	event	occurring	just	below	the	upper	tunnel,	which	is	just	east	
of	the	study	area	(morageology.com	2018).	The	area	of	interest	focuses	on	naturally-
disturbed	landscapes	and	riparian	zones	in	proximity	to	populations	of	invasive	plant	
species	found	along	the	Stevens	Canyon	roadside.	Naturally-disturbed	landscapes	and	
riparian	zones	are	the	sites	of	interest	as	they	are	identified	as	susceptible	habitats	for	
the	establishment	of	invasive	plant	species	(Rochefort	et	al.	2016).	
	
	
	
	
	
	
	
Figure	3.0.0	–	Mount	Rainier	NP	with	Steven	Canyon	study	area	within	white	boundary	
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Study	Sites	
 
	 The	study	sites	encompass	six	individual	debris	cone	formations	at	the	base	of	
Stevens	Ridge	and	just	above	Stevens	Creek	(Figure	4.0.0).	Each	debris	cone	is	below	a	
couloir	or	chute	(Figure	4.0.1),	all	of	which	extend	to	the	top	of	Stevens	Ridge.	These	
chutes	are	the	source	and	route	of	rock	fall	and	debris	that	supplies	the	talus	for	debris	
cone	formation	(Riedel	and	Dorsch	2016).	The	debris	cones	vary	in	size	and	surface	
cover,	have	varying	lengths	of	road	above	them,	and	have	varying	degrees	of	
anthropogenic	influence,	such	as	road	maintenance	and	culvert	installation.	The	surface	
features	of	each	of	the	debris	cones	are	different	due	to	varying	hydrologic	flow,	
sediment	movement,	and	talus	size.	Additionally,	each	debris	cone	has	been	previously	
described	as	active	due	to	the	presence	of	first	order	streams	regularly	flowing	through	
the	mentioned	couloirs	connecting	the	debris	cones	to	the	top	of	Stevens	Ridge	(Riedel	
and	Dorsch	2016).	
	
	
	
	
	
	
	
Figure	4.0.0	–	Google	Earth	image	of	the	debris	cone	study	sites	
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Figure	4.0.1	–	Stevens	Ridge	with	chutes	and	descending	first	order	streams	
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CHAPTER	IV	:	METHODS	
 
	 Field	work	and	research	for	this	project	were	conducted	during	the	months	of	
July	and	August	of	2018,	and	the	methodology	were	designed	to	specifically	address	the	
objectives	of	the	study.	Additionally,	the	methods	were	selected	based	upon	literature	
reviewed,	cost	effectiveness,	and	time	efficiency.		
	
Objective	One	
 
To	categorize	debris	cone	formations	in	Stevens	Canyon	based	on	surface	cover,	
land	surface	features,	and	human	modification:	
To	map	all	distinguishable	debris	cone	formations	in	the	Stevens	Canyon	study	
area,	LiDAR	imagery,	Google	Earth	images,	and	field	observations	were	used.	These	
debris	cones	were	created	by	debris	flows	and	rock	falls	along	the	south	aspect	of	
Stevens	Ridge.	Images,	topographic	data,	and	observations	coupled	with	information	
gathered	in	the	literature	review	were	utilized	to	describe	the	debris	cone	formations	
and	surfaces.	
Google	Earth	was	used	to	map	the	spatial	boundaries	of	the	identified	debris	
cone	features.	The	geomorphic	features	were	mapped	to	help	establish	individual	study	
sites	and	gather	spatial	data	used	in	the	transect	methods.	The	specific	circumference	
boundaries	of	the	debris	cone	features	were	established	using	LiDAR	data	provided	by	
the	Washington	State	Department	of	Natural	Resources	LiDAR	portal	and	Google	Earth.	
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LiDAR	images	were	used	to	distinguish	the	individual	debris	cone	formations	below	
Stevens	Canyon	Road.	High-resolution	LiDAR	images	were	used	to	identify	the	
geomorphic	features	because	LiDAR	provides	a	bare-earth	perspective	of	the	terrain	
without	vegetation	coverage	allowing	landforms	to	be	distinct	and	providing	fine-
resolution	topographical	data	(James,	Watson,	and	Hansen	2006).	The	LiDAR	data	is	
advantageous	to	distinguish	debris	cones	from	other	features	in	the	study	area	that	are	
heavily	vegetated	and	their	boundaries	hard	to	establish	(Haugerud	et	al.	2003).	
Field	observations	included	recording	surface	features	present	in	the	debris	
cones,	debris	cone	surface	cover,	and	presence	of	hydrologic	movement	and	
sedimentation.	Additionally,	human	modification	(culverts	and	road	maintenance)	and	
time	of	last	activity	in	the	area	were	provided	through	personal	communication	with	
MORA	geomorphologist	Scott	Beason	on	January	30th,	2019.	This	information	was	used	
to	fill	data	gaps	and	explain	some	field	observations.	
	
Objective	Two	
 
To	observe	and	document	the	presence	of,	and	quantify	the	relative	abundance	
of,	invasive	plant	populations	established	on	the	roadside	and	debris	cones	of	Stevens	
Canyon:		
To	address	objective	two,	invasive	plant	species	abundances	and	composition	
were	recorded	within	the	established	boundaries	of	each	of	the	six	debris	cones.	The	
line	transect	method	and	the	presence/absence	sampling	method	were	adopted	for	
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efficiency	and	challenges	related	to	data	gathering	in	the	hazardous	environment.	The	
line	transect	method	was	utilized	to	perform	the	invasive	plant	survey	because	it	is	a	
common	and	efficient	means	of	monitoring	plant	species,	especially	sampling	
populations	or	abundances	(Buckland	et	al.	2007).	This	method	involved	establishing	a	
line	between	two	points	and	sampling	along	the	line.	In	the	case	of	this	study,	the	line	
transects	were	established	parallel	to	Stevens	Canyon	Road	and	ran	between	the	
mapped	margins	of	the	disturbance	zones.	The	transect	lengths	varied	because	of	the	
fan	shaped	nature	of	the	disturbance	sites.	Transects	were	shorter	at	the	top	of	the	fan	
near	the	road	and	progressively	longer	moving	downslope	into	Stevens	Canyon.	Along	
the	entire	length	of	the	line	transects,	presence/absence	sampling	was	done.	Species	
were	documented	and	an	estimated	number	of	the	invasive	plants	of	interest	was	taken	
of	individuals	within	3	meters	of	the	transect.	
Presence	and	absence	was	used	to	sample	the	population	because	it	is	a	
sampling	technique	that	is	capable	of	being	adopted	by	many	different	skill	levels	and	
offers	general	plant	population	data	(Ringvall	et	al.	2005).	The	presence	and	absence	
data	was	collected	on	a	0	to	1	scale,	0	representing	absence	and	1	representing	
presence.	Additionally,	along	the	transects	a	categorized	estimation	of	plant	numbers	
was	taken,	and	utilized	a	low,	medium,	and	high	abundance	scale	(Low=	1-5	plants,	
Medium=	5-10	plants,	and	High=	10+	plants).	This	was	used	to	gather	ordinal	data	and	
estimated	plant	density	numbers	to	represent	spatially,	and	to	observe	if	the	invasive	
plants	were	spreading	from	the	road	to	the	debris	cones	and	in	what	abundance.	The	
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scale	for	this	observation	was	established	based	on	the	invasive	plant	numbering	scale	
used	on	the	manual	control	form	used	by	Mount	Rainier	Invasive	Plant	Management	
crew	(Popek	2018).	
Transects	were	performed	at	the	top	of	the	debris	cones	along	both	sides	of	the	
road	and	in	the	middle	of	the	disturbance	features	(Figure	5.0.0).	The	method	was	
adopted	from	Baroni,	Gentili,	and	Armiraglio	(2010),	where	the	researchers	performed	
vegetation	composition	transects	across	debris	cone	surfaces	with	the	purpose	of	
analyzing	composition	on	varying	debris	cone	surface	types	and	elevations.	In	this	study,	
the	transects	were	established	on	the	road	and	across	the	middle	of	the	debris	cone	
because	it	allowed	for	observations	of	invasive	plant	movement	from	the	source	area	
(the	road)	downslope.	Additionally,	the	position	of	the	middle	transects	across	the	
hummocky	debris	cone	surface	(similar	to	Baroni,	Gentili,	and	Armiraglio	2010)	allowed	
for	observations	of	different	surface	types	produced	by	differing	geomorphic	processes	
and	the	associated	invasive	plant	species	that	utilized	the	surface	type	and	processes	
therein	for	spreading.	Invasive	plant	species	visual	observations	were	made	at	the	
bottom	of	the	disturbance	sites	in	the	drainage	of	Stevens	Creek.	The	observations	
occurred	during	attempts	to	cross	Stevens	Creek	drainage	in	order	to	establish	transects	
on	the	toes	of	the	debris	cones.	The	transects	on	the	debris	cone	toes	were	not	
conducted	because	it	was	not	possible	to	safely	cross	Stevens	Creek.	All	observations	of	
the	study	area,	presence	and	absence	data,	and	GPS	information	were	recorded	on	field	
data	sheets	developed	by	me,	and	were	cleared	and	deemed	appropriate	for	use	in	the	
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field	by	advisors	of	the	study.	
Figure	5.0.0	–	Image	of	where	transects	were	conducted	on	the	debris	cone	features	in	Stevens	Canyon	
	 	
Objective	Three	
 
		 To	analyze	the	recorded	locations	and	population	presence/relative	abundance	
of	selected	invasive	plant	species	on	maps	and	land	surface	profiles	of	the	Stevens	
Canyon	roadside	and	debris	cones:	
In	order	to	complete	this	objective,	an	undergraduate	student	assisted	me	in	
using	ArcGIS	Pro	software	to	carefully	reconstruct	the	transects	from	Objective	Two	to	
map	the	land	surface	profiles.	During	field	outings,	I	used	a	Garmin	Etrex	to	capture	the	
GPS	point	data	to	make	the	surface	profiles.	After	downloading	the	GPS	points	into	
ArcGIS	Pro,	the	transects	were	plotted	by	connecting	the	(x,	y,	z)	positional	data	and	
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creating	feature	class	lines	for	each	transect	walked	on	the	debris	cone.	After	
establishing	the	transect	lines,	the	datasets	were	reprojected	into	UTM	Zone	10	N	
projections	and	snapped	to	the	LiDAR	data.	This	ensured	that	the	digitized	transect	
lengths	were	as	positionally	accurate	with	the	high-resolution	surface	elevation	LiDAR	
data.	With	established	transects	in	the	best	projection,	profile	lines	were	generated	for	
each	transect	line	using	the	batch	tool	and	profile	tool.	This	process	resulted	in	the	
generation	of	surface	elevation	profiles	(Figure	6.0.0),	to	spatially	represent	the	transect	
data	of	invasive	plant	presence,	abundance,	and	composition	gathered	in	the	field.	
	
Figure	6.0.0	–	Example	of	a	land	surface	profile	generated	for	the	study	
	
	 The	presence,	abundance,	and	composition	data	were	then	applied	to	the	land	
surface	profiles	using	Adobe	Illustrator.	By	taking	the	accurate	transect	spot	the	invasive	
plant	species	compositions	and	abundances	were	recorded	during	field	work,	the	data	
points	were	applied	to	the	generated	surface	profiles	in	the	corresponding	transect	
location.	This	placed	the	data	recorded	from	Objective	Two	onto	the	land	surface	profile	
and	within	the	land	surface	features	observed	and	described	in	Objective	One.	Along	the	
 
42 
 
profile,	different	symbols	were	used	to	represent	differing	species	and	different	colored	
symbols	were	used	to	represent	abundances	that	were	collected	along	the	transect.	
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CHAPTER	V	:	RESULTS	
 
Objective	One	
 
	 The	goal	of	objective	one	is	to	categorize	the	six	different	debris	cone	of	Stevens	
Canyon.	The	six	distinct	debris	cone	study	sites	below	Stevens	Canyon	Road	were	
identified	as	active	geomorphic	features,	with	regular	sediment	and	hydrologic	
movement.	The	first	order	streams	descending	from	Steven	Ridge	through	the	chutes	
make	them	hydrologically	active	seasonally.	Additionally,	the	debris	torrents	that	
contribute	to	debris	cone	creation	are	important	in	delivering	sediment	into	stream	
systems,	promoting	sediment	movement	and	accumulation	on	the	features	(Riedel	and	
Dorsch	2016).	However,	though	similar	in	some	of	these	aspects	the,	debris	cones	of	
Stevens	Canyon	differ	in	surface	cover,	surface	features,	and	human	modification.	
Therefore,	each	of	the	six	debris	cones	will	be	categorized	in	order	to	identify	the	
similarities	and	differences	of	each	study	site.	
	
Debris	Cone	1	(DC	1):	
Debris	cone	1	(Figure	7.0.0)	is	the	western	most	debris	cone	in	Stevens	Canyon.	
DC1	is	an	active	debris	cone	that	is	incised	and	concave	outward	(Figure	7.0.1).	This	
particular	debris	cone	experienced	a	major	geomorphic	event	in	2006	when	a	flood	
released	debris	down	the	couloir	over	Stevens	Canyon	Road	and	further	downslope	
(Riedel	and	Dorsch	2016).	Furthermore,	the	debris	cone	experienced	human	influence	
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when	a	culvert	structure	was	constructed	under	the	road	at	the	bottom	of	the	chute	
(Figure	7.0.2).	Native	vegetation	cover,	primarily	vine	maple,	thimbleberry,	and	
herbaceous	forbs	are	present	on	the	entire	surface	of	the	feature,	except	most	
noticeably	in	the	incised	channel	through	the	middle	of	the	feature	and	close	to	the	
road	(Figure	7.0.3).	This	area	offers	disturbed	soils	and	presumed	space	for	invasive	
plants	to	colonize.
	
Figure	7.0.0	–	Google	Earth	image	of	debris	cone	1	
	 The	surface	of	debris	cone	1	near	the	road	has	a	steep	gradient	with	shallow	
granodiorite	bedrock	with	coarse	sand	sized	grus	fill	material.	Moving	downslope	the	
surface	cover	is	primarily	composed	of	angular	granodiorite	scree	intermixed	with	gravel	
and	cobble	sized	debris	containing	macropores	between	them.	Where	sediment	
accumulation	between	the	debris	occurred,	a	shallow	sandy	soil	surface	has	developed.	
In	the	center	of	the	debris	cone	there	is	one	active	and	heavily	incised	stream	channel	
cut	into	the	talus,	which	has	fine	sediment	accumulation	on	the	banks.	Human	
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modification	of	the	debris	cone	area	is	observed	as	a	large	culvert	built	under	the	road.	
This	feature	connects	the	bottom	of	the	river	canyon	to	the	first	order	stream	
descending	from	Stevens	Ridge.	This	modification	likely	supplies	the	concentrated	water	
flow	necessary	to	form	the	heavily	incised	channel	observed	in	the	debris	cone	talus.	
This	debris	cone	was	last	active	during	a	flood	event	in	November	of	2006	when	a	debris	
flow	descended	the	canyon,	crossed	Stevens	Canyon	Road,	and	deposited	debris	on	the	
cone	surface.	
	
	
	
Figure	7.0.1	–	Photo	of	debris	cone	1	from	roadside	to	Stevens	Creek	
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Figure	7.0.2	–	Photo	of	chute	above	debris	cone	1	
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Figure	7.0.3	–	Photo	of	debris	cone	1	(left)	and	debris	cone	2	(right)	
	
Debris	Cone	2	(DC	2):	
Debris	cone	2	(Figure	7.1.0)	is	to	the	east	of	DC1.	It	is	an	active	debris	cone	with	
hydrologic	activity	and	sedimentation	that	has	formed	a	more	fanned	out,	cone-shaped	
feature	(Figure	7.1.1).	Nearest	to	the	road,	the	surface	of	debris	cone	2	is	blocky	talus	
with	coarse	to	fine	sediment	fill	material	between	(Figure	7.1.2).	Moving	downslope	
from	the	road,	the	top	of	the	debris	cone	is	flanked	and	constricted	by	bedrock,	but	
moving	further	downslope	the	debris	cone	becomes	more	diffuse	on	the	surface	of	the	
valley	slope.	Here	the	surface	cover	of	debris	cone	2	is	mainly	cobble-sized	debris	with	
grus	from	weathering	of	the	granodiorite	parent	material	(Figure	7.1.3).	On	the	margins	
of	the	debris	cone,	larger,	angular	blocks	of	talus	have	accumulated.	
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The	surface	of	the	debris	cone	is	less	incised	than	debris	cone	1,	but	hydrologic	
flow	from	the	chute	(Figure	7.1.4)	extending	to	Stevens	Ridge	is	enough	to	support	flow	
paths	or	channels	and	a	hummocky	surface	type.	Additionally,	a	flow	deflection	in	the	
form	of	woody	debris	was	observed	near	the	top	of	the	cone.	This	feature	is	likely	
causing	flow	deflection	and	soil	accumulation,	influencing	the	formation	of	a	sediment	
bulge	observed	and	recorded	(Waypoint	37)	while	conducting	the	middle	transect	
downslope.	
Moving	to	both	margins	of	the	debris	cone	the	surface	cover	is	primarily	talus,	
flanked	by	small	native	forest	communities	composed	of	native	firs,	shrubs,	and	
herbaceous	plants.	Vegetation	is	primarily	present	on	the	bottom	half	of	the	debris	cone	
where	the	surface	material	fans	out	downslope.	The	vegetation	community	is	vine	
maple	and	slide	alder	with	native	shrubs	and	herbaceous	species.	The	upper	half	of	the	
cone,	closest	to	the	road	is	disturbed	with	bare	soils.	
Human	modification	is	observed	on	DC2	with	large	blocks	of	talus	found	with	
pieces	of	steel	rebar	drilled	into	them.	These	are	suspected	to	been	pushed	down	the	
debris	cone	during	the	construction	of	a	pull	off,	at	an	undetermined	time,	just	to	the	
east	of	the	debris	cone	top	on	the	south	side	of	the	road.	Evidence	of	human	activity	
near	or	on	the	debris	cone	is	observed	through	human	made	road	construction	material	
found	on	the	surface	of	the	feature.	This	anthropogenic	material	was	likely	supplied	to	
the	middle	of	the	debris	cone	through	the	construction	of	the	pull-off	at	the	top	of	the	
debris	cone.	
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Figure	7.1.0	–	Google	Earth	image	of	debris	cone	2	
	
Figure	7.1.1	–	Photo	of	debris	cone	2	from	Stevens	Creek	
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Figure	7.1.2	–	Photo	of	debris	cone	2	from	roadside	
	
	
Figure	7.1.3	–	Photo	of	surface	of	debris	cone	2	from	mid-transect	
 
51 
 
	
Figure	7.1.4	–	Photo	of	debris	cone	2	chute	at	roadside	
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Debris	Cone	3	(DC	3):	
Debris	cone	3	(Figure	7.2.0),	the	second	largest	site	in	the	study	area,	is	active	
with	clearly	evident	channels	and	a	hummocky	surface	of	small	sediment	bulges	
supporting	vine	maple,	slide	alder,	thimbleberry,	and	native	herbaceous	forbs	(Figure	
7.2.1).	In	areas	where	no	vegetation	is	established	on	DC3	there	is	angular	talus	with	an	
unconsolidated	surface	soil	(Figure	7.2.2).	Moving	downslope	the	surface	of	DC3	is	
hummocky	with	high	vegetation	cover	until	the	eastern	margin	of	the	debris	cone.	The	
disturbance	area	is	potentially	the	result	of	rock	fall	from	the	exposed	ridge	formation	
on	the	north	side	of	the	road.		
The	surface	cover	is	primarily	blocky	talus,	but	there	is	soil	accumulation	and	
development	on	a	sediment	bulge	where	vegetation	is	established	(Figure	7.2.3).	
Throughout	the	debris	cone	surface	there	are	channels	with	loose	soil	accumulation	on	
the	flanks.	These	channels	are	connected	to	three	chutes	(Figure	7.2.4)	that	descend	
from	the	top	of	Steven	Ridge,	which	likely	supply	snowmelt	and	rainwater	flows	that	
form	the	incised	channels.	The	large	system	of	chutes	above	the	debris	cone	is	supplying	
seasonal	water	flow	to	Stevens	Creek,	the	water	supply	is	also	potentially	supporting	the	
extensive	vegetation	throughout	the	debris	cone	surface.	Additionally,	water	supply	is	
enough	to	support	a	small	cluster	of	native	fir	and	cedar	trees	in	the	middle	of	the	cone.		
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Figure	7.2.0	–	Google	Earth	image	of	debris	cone	3	
There	is	no	evidence	of	human	modification	of	the	immediate	debris	cone	
surface,	only	roadside	modification.	The	presence	of	human	modification	of	the	debris	
cone	is	entirely	the	result	of	mason	work	on	the	north	side	of	the	road,	which	is	there	to	
reinforce	the	steep	slope	from	erosion.	
	
Figure	7.2.1	–	Photo	of	debris	cone	3	with	first	order	stream	and	disturbance	areas	
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Figure	7.2.2	–	Photo	of	debris	cone	3	disturbance	area	
	
	
Figure	7.2.3	–	Photo	of	vegetation	cover	on	the	margins	of	disturbance	areas,	debris	cone	3	
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Figure	7.2.4	–	Photo	of	chute	and	built	culvert	on	debris	cone	3	
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Debris	Cone	4	(DC	4):	
Debris	cone	4	(Figure	7.3.0)	is	the	most	hydrologically	active	feature	in	the	study	
area.	From	top	to	bottom,	the	majority	of	the	debris	cone	surface	is	heavily	vegetated	
with	slide	alder	and	vine	maple	growing	up	from	the	voids	between	the	large,	blocky,	
angular	granodiorite	(Figure	7.3.1	and	Figure	7.3.2).	Between	the	large	blocks	there	are	
large	voids	with	no	visible	sediment	accumulation.	The	origin	of	the	large	angular	talus	
throughout	the	surface	could	have	been	from	either	blasting	for	road	construction	or	
maintenance,	or	a	large	rock	fall	event.	The	voids	in	between	the	talus	on	DC4	made	it	
very	difficult	and	dangerous	to	navigate,	which	did	not	allow	for	comprehensive	
observations	and	descriptions	of	this	particular	study	site.	The	challenges	of	crossing	the	
macropores	in	DC4	meant	that	a	middle	transect	was	not	conducted,	however	
observations	of	the	cone	surface	were	made.	
Though	no	dominant	flow	paths	can	be	seen	on	the	surface,	while	conducting	
the	vegetation	transect	on	the	middle	of	the	debris	cone	(discussed	in	the	methods	
section),	actively	flowing	water	was	heard.	The	flow	is	through	the	macropore	spaces	
between	the	large	blocks	of	talus.	Flowing	water	heard	from	within	the	blocky	surface	
suggests	that	there	are	macropores	throughout	the	debris	cone	surface.	This	also	
suggests	that	the	chute	(Figure	7.3.3)	and	the	flow	of	the	first	order	stream	descending	
the	ridge	in	the	chute	are	connected	to	the	Stevens	Creek	drainage	system.	
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Figure	7.3.0	–	Google	Earth	image	of	debris	cone	4	
	
	
Figure	7.3.1	–	Photo	of	debris	cone	4	and	chute	from	Stevens	Creek	
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Figure	7.3.2	–	Photo	of	debris	cone	4	from	Stevens	Canyon	Road	
	
Figure	7.3.3	–	Photo	of	chute	and	culvert	opening	above	debris	cone	4	
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Debris	Cone	5	(DC	5):	
The	largest	of	the	debris	cones	in	the	study	area,	debris	cone	5	(Figure	7.4.0)	is	
an	open	talus	slope	with	a	hummocky	surface	type.	The	hummocky	surface	suggests	
sedimentation	and	hydrologic	activity	influenced	by	the	multiple	couloirs	above	the	
cone.	Where	vegetated,	the	debris	cone	surface	is	primarily	vine	maple,	slide	alder,	
native	shrubs,	and	native	herbaceous	species	(Figure	7.4.1).	Additionally,	this	debris	
cone	has	a	considerable	amount	of	clusters	of	conifer	trees	in	the	lower	half	of	the	cone.	
This	further	suggests	presence	of	hydrologic	activity	to	support	the	small	tree	
communities.		
	
	
	
	
	
	
	
	
	
Figure	7.4.0	–	Google	Earth	image	of	debris	cone	5	
	 Along	the	top	of	the	debris	cone,	nearest	to	the	road,	where	no	vegetation	is	
established	the	surface	cover	is	small	to	large	scree	with	coarse	sediment	fill	material	
(Figure	7.4.2).	Moving	downslope	there	is	an	open,	hummocky	talus	slope	of	varying	
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sizes	of	talus	with	intermittent	vegetation	(Figure	7.4.3).	The	sediment	fill	on	the	talus	
slope	is	from	fine	to	coarse-grained	sediment	from	the	erosion	of	the	granodiorite	
parent	material.	On	the	western	margin	of	the	debris	cone	there	is	a	spring	running	
through	a	heavily	vegetated	shallow	channel,	and	was	flowing	during	peak	summer	
when	the	middle	transect	was	conducted.	Additionally,	there	is	one	other	dominant	
channel	in	the	middle	of	the	debris	cone,	which	is	deeply	incised	into	the	talus	slope	and	
is	directly	below	a	chute	descending	from	the	top	of	Stevens	Ridge	(Figure	7.4.4).		
DC	5	also	contains	evidence	of	human	modification	near	the	road	with	culverts	
and	chute	slope	stabilization	structures	in	multiple	locations	(Figure	7.4.5).	Connected	to	
the	channel	is	a	culvert	built	into	the	hill	slope,	which	identifies	human	modification	of	
the	debris	cone	area.	
	
Figure	7.4.1	–	Photo	of	vegetation	cover	on	debris	cone	5	
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Figure	7.4.2	–	Photo	of	debris	cone	5	disturbance	area	with	goldenrod	and	St.	John’s-wort	in	foreground	
	
Figure	7.4.3	–	Photo	of	debris	cone	5	disturbance	area	
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Figure	7.4.4	–	Photo	of	converging	chutes	above	debris	cone	5	
	
	
Figure	7.4.5	–	Photo	of	chute	and	culvert	modification	above	debris	cone	5	
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Debris	Cone	6	(DC	6):	
Debris	cone	6	(Figure	7.5.0)	is	the	cone	that	is	farthest	east	in	the	study	area.	DC	
6	has	a	hummocky	surface	and	is	geomorphically	active.	Vegetation,	composed	of	vine	
maple,	slide	alder,	thimbleberry,	and	herbaceous	forbs	is	most	dense	on	the	margins	of	
the	debris	cone,	which	is	flanked	by	stands	of	native	conifer	species.	Moving	into	the	
center	of	the	feature	the	vegetation	decreases.	This	is	likely	due	to	the	majority	of	the	
sediment	accumulation	and	soil	development	being	concentrated	on	the	margins	of	the	
feature.	Human	modification	of	the	debris	cone	is	evident	through	slope	stabilization	
structures	at	the	bottom	of	the	couloir,	suggesting	the	water	flow	down	the	chute	may	
be	intermittently	intense	and	cause	heavy	erosion.	
	
	
Figure	7.5.0	–	Google	Earth	image	of	debris	cone	6	
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	 The	surface	of	DC	6	is	predominantly	angular	talus	with	fine	to	coarse	fill	
material	between	the	clasts	toward	the	top	of	the	cone,	nearest	the	road.	Moving	
downslope	there	is	a	hummocky	surface	composed	of	large,	blocky	talus	with	
macropore	space	between	where	some	soil	accumulation	occurs	(Figure	7.5.1).	On	the	
margins	of	the	debris	cone,	talus	accumulation	and	soil	consolidation	are	occurring,	
which	is	flanked	by	well-established	vegetation.	Over	the	surface	of	the	debris	cone	
there	are	seasonally	active	channels,	with	the	most	dominant	flow	path	below	the	main	
chute	descending	from	Stevens	Ridge.	Human	modification	of	the	debris	cone	area	is	
observed	as	a	culvert	built	under	the	road	and	rockwork	to	reinforce	the	bottom	of	the	
chute	against	excessive	erosion	(Figure	7.5.2).	
	
	
Figure	7.5.1	–	Photo	of	debris	cone	6	from	Stevens	Canyon	Road,	with	St.	John’s-wort	in	foreground	
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Figure	7.5.2	–	Photo	of	chute	and	culvert	modification	above	debris	cone	6	
	
Objective	Two	
 
Road	Transects	
	 Species	presence,	abundance,	and	composition	results	from	transects	completed	
above	the	debris	cones,	on	the	north	side	of	Stevens	Canyon	Road,	show	a	roadside	
source	population	consisting	entirely	of	St.	John’s-wort.	Moving	west	to	east	on	the	
road,	or	down	in	elevation,	the	abundance	and	frequency	of	observations	of	St.	John’s-
wort	steadily	increases.	Additionally,	the	south	side	of	the	road,	the	side	directly	above	
the	debris	cones,	shows	a	higher	abundance	of	St.	John’s-wort	when	compared	with	the	
north	side	of	the	road.	In	the	land	surface	profile	figures	below,	red	indicates	the	
location	of	high	abundance	populations,	yellow	indicates	medium	abundance,	and	green	
indicates	low	abundance.	
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Debris	Cone	1	
	 Debris	cone	1	has	the	lowest	abundance	of	roadside	St.	John’s-wort	of	all	of	the	
debris	cones	in	the	study.	The	north	side	road	transect	(RT	1-1,	Figure	8.0.0)	is	24	m	in	
length	and	contains	nine	clusters	of	the	plant,	a	majority	of	which	were	observed	to	be	
of	low	abundance.	The	transect	is	through	a	mostly	dry	drainage	with	loose	soil	and	
blocky	debris	from	the	chute	above.	The	two	densest	populations	are	at	11.7	m	and	19.5	
m	along	the	transect.	The	population	at	11.7	m	is	in	close	proximity	to	a	culvert	built	
into	the	bottom	of	a	chute,	which	leads	to	the	top	of	the	debris	cone.		
	
  
	
Figure	8.0.0	–	Surface	profile	of	RT	1-1	
	
	
The	south	side	road	transect	(RT	1-2,	Figure	8.0.1)	is	33	m	in	length	and	contains	
ten	clusters	of	the	plant,	most	of	which	are	of	low	abundance.	The	transect	is	through	
coarse	to	fine	roadside	sediment	just	off	the	top	of	the	debris	cone.	The	distribution	of	
plants	is	concentrated	at	the	western	end	or	beginning	of	the	transect,	and	the	largest	
abundance	of	St.	John’s-wort	is	located	within	four	meters	of	the	start	of	the	transect.	
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Figure	8.0.1	–	Surface	profile	of	RT	1-2	
	
Debris	Cone	2	
	 Debris	cone	2	has	the	second	lowest	roadside	abundance	of	St.	John’s-wort	of	
the	debris	cones	in	the	study.	The	north	side	road	transect	(RT	2-1,	Figure	8.1.0)	is	38	m	
in	length	with	13	clusters	of	the	plant	observed.	The	roadside	habitat	is	blocky	talus	with	
unconsolidated	soils	between,	and	a	culvert	drainage	made	of	concrete	closer	to	the	
road.	The	highest	abundances	of	St.	John’s-wort	were	observed	at	6.2	m	and	22.2	m	
with	the	remaining	plant	assemblages	being	primarily	low	abundance	and	scattered	
across	the	transect.	
	
	
Figure	8.1.0	–	Surface	profile	of	RT	2-1	
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	 The	south	side	of	the	road	(RT	2-2,	Figure	8.1.1)	is	28	m	in	length	with	16	clusters	
of	St.	John’s-wort.	The	roadside	consists	of	blocky	talus	with	coarse	to	fine	roadside	
sediment	consolidated	between.	Of	the	16	clusters,	11	are	high	abundance	populations	
and	are	distributed	along	the	entire	transect.	Additionally,	this	debris	cone	roadside	is	
the	only	one	in	the	study	area	not	influenced	by	culvert	construction.	However,	the	top	
of	the	debris	cone	has	had	significant	pull	off	construction.	
	
	
Figure	8.1.1	–	Surface	profile	of	RT	2-2	
	
Debris	Cone	3	
	 Debris	cone	3	is	the	most	densely	invaded	roadside	of	the	debris	cones	in	the	
study.	The	north	side	transect	(RT	3-1,	Figure	8.2.0)	is	255	m	in	length	and	has	96	
clusters	of	St.	John’s-wort.	The	roadside	habitat	is	blocky	talus	with	unconsolidated	
roadside	material	between	the	clasts,	and	intermittent	areas	of	sparse	to	dense	native	
vegetation.	Additionally,	there	is	a	concrete	drainage	the	entire	length	of	the	transect	
except	for	where	two	chutes	meet	the	roadside.	On	this	transect	the	majority	of	clusters	
are	of	low	abundance	populations,	but	concentrated	high	abundance	groupings	exist.	
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There	are	19	high	abundance	populations	between	25-40	m,	50-70	m,	and	200-222	m	
along	the	transect.	Along	this	transect	three	culverts	were	observed,	one	of	which	is	just	
beyond	the	end	of	the	observation	area.	The	two	culverts	within	the	study	site	are	at	47	
m	and	105	m,	and	one	is	in	proximity	to	high	abundance	populations.	However,	the	
other	two	culverts	are	downslope	of	high	abundance	populations	and	likely	capable	of	
dispersing	seed	onto	the	debris	cone	surface.	
	
	
Figure	8.2.0	–	Surface	profile	of	RT	3-1	
	
	 The	south	side	transect	of	Debris	Cone	3	(RT	3-2,	Figure	8.2.1)	is	the	most	
densely	populated	roadside	transect	in	the	study,	with	149	clusters	of	St.	John’s-wort	
along	a	255	m-long	transect.	The	overwhelming	majority	of	the	observations	are	high	
abundance	populations	regularly	recorded	after	the	first	20	m	of	the	transect.	This	
particular	transect	shows	the	invasive	ability	of	St.	John’s-wort	in	highly	active	and	
disturbed	roadside	habitats.	The	majority	of	the	transect	went	through	a	habitat	
consisting	of	blocky	talus	with	loose	surface	soil,	and	a	densely	vegetated	hill	slope	near	
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the	road.	However,	the	remaining	75	m	was	in	the	same	surface	material,	but	with	
significantly	less	native	vegetation	near	the	road	and	on	the	hillslope	below.	
	
	
Figure	8.2.1	–	Surface	profile	of	RT	3-2	
	
Debris	Cone	4	
	 Debris	cone	4	has	the	third	highest	number	of	St.	John’s-wort	populations	of	the	
study	sites.	The	north	side	of	the	road	(RT	4-1,	Figure	8.3.0)	has	28	clusters	along	a	48	
m-long	transect.	Half	of	the	clusters	are	high	abundance	populations,	which	are	mostly	
concentrated	between	17–32	m	along	the	transect.	In	downhill	proximity	to	the	
concentration	of	high	abundance	populations	there	is	a	culvert	under	the	road	leading	
to	the	top	of	debris	cone	4.	The	same	culvert	is	connected	to	a	chute	descending	from	
Stevens	Ridge.	The	roadside	habitat	is	primarily	a	densely	native	vegetated	hill	slope	
with	areas	between	of	large	scree	and	interlaid	coarse	to	fine	sediment.	Closest	to	the	
road	the	concrete	drainage	for	the	culvert	system	runs	the	entire	length	of	the	transect.		
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Figure	8.3.0	–	Surface	profile	of	RT	4-1	
	
The	south	side	road	transect	(RT	4-2,	Figure	8.3.1)	is	a	60	m-long	transect	with	39	
recorded	clusters	of	St.	John’s-wort.	Of	the	39	clusters,	30	are	high	abundance	
populations	that	are	uniformly	distributed	throughout	the	entire	60	m	of	transect.	This	
contributes	a	consistent	invasive	plant	population	influencing	the	entire	debris	cone	
disturbance	below	the	road.	The	roadside	habitat	is	a	moderately	vegetated	hillslope	
with	small	to	large	scree	interlaid	with	coarse	sediment.	
	
	
Figure	8.3.1	–	Surface	profile	of	RT	4-2	
	
Debris	Cone	5	
	 Debris	cone	5	has	the	second	most	densely	populated	roadside	by	St.	John’s-
wort	in	the	study	area.	The	north	side	road	transect	(RT	5-1,	Figure	8.4.0)	is	225	m	in	
length	with	86	total	clusters,	26	of	which	are	high	abundance	populations.	The	majority	
of	the	high	abundance	populations	are	in	the	first	100	m	of	the	transect,	and	
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concentrated	in	a	habitat	of	blocky	talus	with	coarse	roadside	sediment	between.	In	the	
remaining	125	m	of	transect	the	abundant	populations	are	in	exposed	roadside	
sediment	ending	in	a	small	section	of	dense	native	vegetation.	Additionally,	along	the	
transect	a	large	culvert	is	crossed	at	approximately	150	m	and	another	small	opening	at	
180	m.	The	large	culvert	is	of	particular	interest	because	it	is	in	close	proximity	to	a	
number	of	high	abundance	St.	John’s-wort	populations.	Furthermore,	the	area	closest	to	
the	road	has	the	continuous	concrete	drainage	running	throughout	the	canyon	
roadside.	
	
	
Figure	8.4.0	–	Surface	profile	of	RT	5-1	
	
	 The	south	side	road	transect	(RT	5-2,	Figure	8.4.1)	is	a	230-meter	transect	with	
116	St.	John’s-wort	population	observations	along	it.	Exactly	half	of	the	total	clusters	are	
high	abundance	populations.	Most	of	the	high	abundance	populations	are	concentrated	
in	the	first	80	m	of	the	transect	where	there	is	sparse	vegetation	and	talus	with	
unconsolidated	sediment.	The	populations	then	decline	over	the	next	20	m	of	the	
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transect	in	an	area	of	noted	increase	in	a	native	buckwheat	species	along	the	roadside.	
The	remaining	high	abundance	populations,	in	the	last	130	m,	are	in	a	roadside	habitat	
of	large	to	small	talus	with	coarse	soils	between,	and	sparse	native	vegetation.	
	
	
Figure	8.4.1	–	Surface	profile	of	RT	5-2	
	
Debris	Cone	6	
	 Debris	cone	6	has	the	third	lowest	abundance	of	roadside	St.	John’s-wort	in	the	
study.	The	north	side	road	transect	(RT	6-1,	Figure	8.5.0)	is	63	m	in	length	and	contains	
10	clusters,	and	two	are	high	abundance.	The	two	of	high	abundance	populations	are	at	
7.8	m	and	15.1	m	along	the	transect,	and	are	in	the	same	15	m	as	a	majority	of	the	10	
clusters.	All	of	these	populations	are	located	as	close	as	15	meters	upslope	of	a	large	
culvert	located	at	the	bottom	of	a	large	chute	descending	from	Stevens	Ridge.	The	
habitat	along	the	63	m	is	predominantly	blocky	talus	with	fine-grained,	unconsolidated	
soils	between	the	blocks.	Additionally,	the	immediate	roadside	is	occupied	by	the	
concrete	culvert	system	spanning	the	canyon	road.	
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Figure	8.5.0	–	Surface	profile	of	RT	6-1	
	
	 The	south	side	road	transect	(RT	6-2,	Figure	8.5.1)	is	a	70-meter	transect	with	42	
total	cluster	of	St.	John’s-wort	along	it.	Of	the	42	clusters,	29	are	high	abundance	
populations	concentrated	along	the	entire	top	of	the	debris	cone,	but	primarily	located	
between	15–25	m	and	47-70	m.	The	St.	John’s-wort	grows	in	a	roadside	habitat	of	fine	
to	coarse	soils	with	some	blocky	talus	cover.	Due	to	the	small	shoulder	along	the	top	of	
the	debris	cone	most	of	the	roadside	populations	are	growing	on	the	hillslope	just	off	
the	roadside.	
	
	
Figure	8.5.1	–	Surface	profile	of	RT	6-2	
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Middle	Transects	
	 Similar	to	the	roadside	populations,	the	invasive	plant	most	heavily	occupying	
the	middle	of	the	debris	cones	is	St.	John’s-wort.	However,	common	mullein	is	present	
on	one	transect.	Moving	from	west	to	east	the	frequency	of	observations	and	
abundance	of	St.	John’s-wort	increases	along	the	middle	transects.	In	the	figures	the	
abundance	colors	and	shape	representing	St.	John’s-wort	populations	(circles)	remain	
the	same,	but	triangles	are	used	to	represent	the	populations	of	common	mullein.	
	
Debris	Cone	1	
	 Debris	Cone	1	has	the	second	lowest	abundance	of	invasive	plants	establishing	
downslope	from	the	road.	The	middle	transect	(DC	1	MT	1,	Figure	9.0.0)	is	115	m	in	
length	and	contains	five	populations	of	St.	John’s-wort.	Two	of	the	observed	populations	
are	high	abundance	and	the	remaining	three	are	low	abundance.	All	of	the	populations	
are	within	a	20	m	length	of	transect	from	62–82	m.	
	
Figure	9.0.0	–	Surface	profile	of	DC	1	MT	1	
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Debris	Cone	2	
	 Debris	cone	2	has	the	third	densest	abundance	of	invasive	plants	colonizing	
downslope	towards	Stevens	Creek.	Along	the	90	m	middle	transect	(DC	2	MT	1,	Figure	
9.1.0)	25	observations	were	made	of	two	species,	St.	John’s-wort	and	common	mullein.	
St.	John’s-wort	accounts	for	19	clusters	(indicated	by	circles)	and	common	mullein	six	
(indicated	by	triangles).	The	abundance	of	common	mullein	is	low	throughout	the	
transect	with	the	main	concentration	of	clusters	made	between	23–30	m.	The	
populations	of	St.	John’s-wort	are	concentrated	in	two	areas	of	the	transect,	between	
20–30	m	and	50–60	m.	Of	the	19	St.	John’s-wort	clusters,	about	half	(9)	are	high	
abundance	populations	and	are	located	within	the	previously	mentioned	transect	
distances.	
	
	
Figure	9.1.0	–	Surface	profile	of	DC	2	MT1		
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Debris	Cone	3	
	 The	middle	transect	of	debris	cone	3	(DC	3	MT	1,	Figure	9.2.0)	has	the	lowest	
abundance	of	invasive	plants	of	the	surveyed	features.	There	are	three	clusters	of	St.	
John’s-wort	on	the	270	m-long	transect,	all	of	which	are	high	abundance	populations.		
The	three	populations	are	concentrated	within	the	last	80	meters	of	the	transect,	but	
they	are	fairly	isolated	from	one	another	with	20	m	between	the	closest	populations.	
	
	
Figure	9.2.0	–	Surface	profile	of	DC	3	MT	1	
	
Debris	Cone	4	
	 The	middle	transect	of	debris	cone	4	was	deemed	too	dangerous	to	survey.	The	
surface	of	the	debris	cone	was	not	easily	visible	through	the	dense	vegetation	and	roots	
of	the	vine	maple	and	slide	alders.	The	shrubs	covered	what	were	observed	as	loose,	
unstable,	and	large	boulders	of	angular	granite	with	many	voids	or	macropores	between	
them.	After	a	discussion	with	Robbie	Jost	(MORA	Geologist	aiding	with	surveys	on	
08/12/2018)	it	was	agreed	upon	that	the	middle	transect	survey	was	not	safe	to	
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traverse	and	collect	data	given	the	conditions.	
	
Debris	Cone	5	
	 Debris	cone	5	is	the	second	most	populated	debris	cone	surveyed	in	the	study.	
The	middle	transect	(DC	5	MT	1,	Figure	9.3.0)	is	340	m	in	length	and	has	31	clusters	of	
St.	John’s-wort	along	it.	The	majority	of	the	populations	are	high	abundance	and	mostly	
forming	small	clusters	in	20	m	increments	throughout	the	length	of	the	transect.	Not	
only	the	high	abundance	populations	are	clustered,	but	all	of	the	other	populations	are	
clustered	in	the	same	area.	The	majority	of	all	of	the	populations	are	concentrated	
between	20–50	m,	150–190	m,	240–260	m,	and	320–340	m.	
	
	
	
Figure	9.3.0	–	Surface	profile	of	DC	5	MT	1	
	
	
	
 
79 
 
Debris	Cone	6	 	
	 Debris	cone	6	has	the	most	densely	populated	surface	of	all	of	the	debris	cone	
features	in	the	study.	The	middle	transect	(DC	6	MT	1,	Figure	9.4.0)	is	160	m	in	length	
with	a	total	of	45	clusters	of	St.	John’s-wort	along	it,	and	with	19	clusters	of	high	
abundance	populations.	The	high	abundance	populations	are	primarily	concentrated	
between	20–40	m	and	70–90	m,	with	a	few	populations	adjacent	to	the	more	densely	
populated	areas.	However,	the	entire	surface	of	the	debris	cone	is	fairly	well	populated	
over	the	160	m,	as	there	are	very	few	lengthy	areas	along	the	transect	with	little	to	no	
populations	of	St.	John’s-wort.	
	
	
	
Figure	9.4.0	–	Surface	profile	of	DC	6	MT	1	
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Stevens	Creek	Observations	
	 The	field	observations	made	during	trips	to	seek	a	safe	crossing	of	Stevens	Creek	
provided	some	insight	into	the	extent	of	invasive	plant	dispersal	from	the	roadside	
communities	to	the	base	of	Stevens	Canyon.	Below	the	toe	of	debris	cone	4,	St.	John’s-
wort	is	colonizing	the	south	side	of	Stevens	Creek	(Figure	10.0.0).	Three	populations	
were	observed	on	the	south	bank	of	the	creek	below	the	debris	cone,	and	estimated	to	
be	of	low	to	medium	abundance	(Figure	10.0.1).	Each	observation	was	interestingly	
made	in	very	different	habitats	in	the	creek	drainage.	WP	40	is	a	medium	abundance	
population	directly	adjacent	to	the	active	creek	channel,	WP	41	is	a	low	abundance	
population	established	within	approximately	5	meters	of	the	active	creek,	and	WP	42	is	
a	low	abundance	population	established	on	a	sediment	bulge	about	30	m	from	the	
active	creek	channel.	
	
Figure	10.0.0	–	Google	Earth	map	of	invasive	plant	waypoints	in	Stevens	Creek	below	debris	cone	4
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Figure	10.0.1	–	Photo	of	St.	John’s-wort	populations	(in	foreground	along	creek)	below	debris	cone	4	
	
Moving	east	and	further	down	the	creek	drainage	St.	John’s-wort	is	established	
on	the	north	side	of	the	creek.	Four	recordings	were	made	at	the	toe	of	debris	cone	5	
where	it	contacts	Stevens	Creek,	and	all	four	populations	observed	are	estimated	to	be	
high	abundance.	WP	43	is	a	population	below	a	spring	linked	to	a	culvert	and	chute	
leading	to	the	ridgeline	above	(Figure	10.0.1	and	Figure	10.0.2).	WP	44	is	a	population	
colonizing	a	lightly	vegetated	scree	and	creek	sediment	slope	at	the	toe	of	the	debris	
cone	and	adjacent	to	the	active	creek	channel	(Figure	10.0.2).	WP	45	and	WP	46	are	
populations	directly	below	the	toe	of	the	debris	cone	on	a	sediment	bar	approximately	
20	m	from	the	active	creek	channel	(Figure	10.0.2).	
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Figure	10.0.2	–	Google	Earth	map	of	invasive	plant	populations	in	Stevens	Creek	below	debris	cone	5	
	
The	furthest	east	observation	in	Steven	Creek	is	WP	47	(Figure	10.0.3).	
Unfortunately,	the	waypoint	was	not	taken	directly	across	from	the	population	because	
of	a	lack	of	access	to	creek	bank.	The	population	is	where	debris	cone	6	contacts	
Stevens	Creek,	and	a	high	abundance	population	of	St.	John’s-wort	is	colonizing	the	
north	side	of	the	creek	drainage	(Figure	10.0.4).	The	population	is	away	from	the	creek	
below	the	debris	cone	toe	and	adjacent	to	an	area	of	dense	vegetation.	However,	the	
population	is	adjacent	to	the	terminus	of	a	large	channel	incised	into	debris	cone	5,	
which	may	influence	which	roadside	invasive	plant	community	is	spreading	and	how.	
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Figure	10.0.3	–	Google	Earth	map	of	invasive	plant	populations	in	Stevens	Creek	below	debris	cone	6	
	
	
Figure	10.0.4	–	Photo	of	St.	John’s-wort	below	debris	cone	5	and	6	(seen	as	yellow	vegetation	at	tree	line)	
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Objective	Three	
 
	 The	surface	profiles	created	by	plotting	the	GPS	and	LiDAR	data	combined	with	
the	field	data	acquired	during	transects	allow	the	populations	of	invasive	plants	to	be	
put	onto	a	representative	landscape.	The	road	land	surface	profiles	allow	observations	
of	where	on	the	roadside	worrisome	populations	of	invasive	plants	are	relative	to	
chutes	and	culvert	systems	that	could	be	facilitating	the	movement	of	roadside	
populations.	The	land	surface	profiles	of	the	debris	cone	surfaces	allow	for	invasive	
plants	to	be	placed	on	the	landscape	in	association	with	geomorphic	features.	By	linking	
populations	to	certain	landforms	created	by	particular	geomorphic	processes,	it	can	be	
inferred	how	the	invasive	plant	populations	are	dispersing	using	identified	processes.	
	
Debris	Cone	1	
	 The	locations	of	the	St.	John’s-wort	populations	on	the	surface	of	debris	cone	1	
(Figure	9.0.0)	are	in	a	depression	or	on	the	margins	of	a	depression	between	60–85	m	
along	the	transect.	This	depression	and	margins	are	representative	of	the	banks	and	the	
channel	of	a	large	incised	channel	in	the	middle	of	the	debris	cone.	The	incised	channel	
is	likely	created	from	hydrologic	flow	from	the	top	of	Stevens	Ridge,	down	the	chute,	
and	through	the	culvert	system	that	releases	the	water	for	continued	downslope	flow	at	
the	top	of	the	debris	cone.	With	the	populations	of	St.	John’s-wort	in	the	channel	and	
on	the	margins,	it	suggests	that	the	invasive	plant	populations	on	the	road	could	be	
using	the	erosional	disturbance	and	sediment	deposition	features	created	by	hydrologic	
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flow	and	sediment	movement	downslope	to	successfully	disperse	and	establish	new	
populations.	
	
Debris	Cone	2	
	 Observing	the	land	surface	profile	of	debris	cone	2	(Figure	9.1.0),	it	can	be	seen	
that	the	invasive	plant	populations	are	seemingly	concentrated	on	hummocky	bulges	
adjacent	to	depressions	at	20–30	m	and	45-55	m	along	the	transect.	Depositional	
processes	from	downslope	water	flow,	opposed	to	erosional	forces,	could	have	created	
the	hummocky	bulges	and	a	suitable	habitat	for	invasive	plants.	A	flow	path	deflection	
in	the	form	of	a	tree	directly	above	invasive	plant	populations,	identified	by	MORA	
Geologist	Robbie	Jost,	suggests	this	mode	of	formation.	A	tree	was	deposited	during	a	
debris	flow	at	the	top	of	the	debris	cone,	and	over	time	hydrologic	flow	and	sediment	
movement	was	deflected	and	slowed	to	the	side	of	the	debris	cone	allowing	for	capable	
formation	of	the	bulge	between	20–30	m	on	the	transect.	This	suggests	that	hydrologic	
flow	could	be	dispersing	the	invasive	plants	downslope,	but	dynamic	depositional	
processes	are	facilitating	formation	of	a	suitable	habitat	for	invasive	plant	colonization	
on	the	surface	of	the	debris	cone.	
	
Debris	Cone	3	
	 The	results	of	the	land	surface	profile	for	debris	cone	3	(Figure	9.2.0)	
unfortunately	do	not	supply	a	concrete	observation	of	invasive	plant	spreading.	The	two	
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St.	John’s-wort	points	in	the	last	30	m	of	the	transect	are	recorded	to	be	in	a	rock	fall	
disturbance	area.	This	suggests	that	the	plants	could	have	spread	there	simply	due	to	
the	availability	of	a	favorable,	disturbed	landscape.	However,	the	population	of	St.	
John’s-wort	at	190	m	is	observed	on	the	surface	profile	in	a	channel-like	depression,	and	
was	recorded	in	field	notes	to	be	in	a	narrow	channelized	path.	This	suggests	that	this	
particular	population	of	St.	John’s-wort	could	have	spread	to	this	location	via	hydrologic	
flow	downslope	through	this	small	channel	incised	on	the	debris	cone	surface.	
	
Debris	Cone	4	
*See	previous	results	section	for	information*	
	
Debris	Cone	5	
	 The	land	surface	profile	of	debris	cone	5	(Figure	9.3.0)	displays	that	the	
populations	of	invasive	St.	John’s-wort	are	primarily	concentrated	in	incised	channels	
(depressions)	and	bulges	(mounds)	along	the	debris	cone	surface.	This	is	very	similar	to	
the	results	of	debris	cones	1	and	2,	where	features	created	by	hydrologic	flow,	sediment	
movement,	and	sediment	deposition	are	the	primary	locations	for	colonization	of	
invasive	plants	on	the	surface	of	the	debris	cone.	Additionally,	it	suggests	that	the	
invasive	plants	could	be	dispersing	onto	the	most	actively	disturbed	landscapes	via	the	
disturbances	processes	themselves.	
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Debris	Cone	6	
	 The	land	surface	profile	of	debris	cone	6	(Figure	9.4.0)	is	quite	similar	to	that	of	
debris	cone	5,	and	thus	also	debris	cones	1	and	2.	The	populations	of	St.	John’s-wort	are	
primarily	located	in	the	channels	(depressions)	or	on	the	adjacent	bulges	(mounds)	
along	the	transect.	This	suggests	that	the	invasive	plants	are	likely	dispersing	downslope	
via	hydrologic	flow	and	sediment	movement	within	the	channels	created	by	those	
processes.	The	invasive	plants	are	also	likely	colonizing	these	areas	due	to	the	
associated	sediment	deposition	that	accompanies	sediment	movement	and	hydrologic	
flow.	
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CHAPTER	VI	:	DISCUSSION	
 
Debris	Cones	as	Conduits	of	Dispersal	
 
The	debris	cones	in	Stevens	Canyon	are	active	features	and	have	geomorphic	
processes	that	are	likely	moving	invasive	plant	species	downslope	and	facilitating	the	
necessary	microhabitat	for	population	establishment.	The	majority	of	the	invasive	plant	
populations	observed	and	recorded	in	the	study	were	located	on	features	of	sediment	
deposition	(bulges)	and	in	erosional	features	(incised	channels).	This	suggests	that	the	
geomorphic	processes	regularly	occurring	in	and	on	the	debris	cones	creating	these	
surface	features	could	also	be	moving	and	facilitating	dispersal	of	invasive	plants.	
The	middle	transects	of	debris	cones	2,	5,	and	6	best	express	the	invasive	
species’	movement	with	facilitation	from	common	geomorphic	processes.	On	each	of	
the	middle	transects	it	was	observed	that	the	majority	of	invasive	plant	populations,	
regardless	of	population	size	and	species	(DC	2),	are	concentrated	on	bulges	and	in	
incised	channels.	Simply,	the	presence	and	colonization	of	invasive	plants	within	these	
surface	formations	highly	suggests	that	the	processes	forming	the	channels	and	bulges	
are	influential	for	the	dispersal	and	colonization	of	invasive	plant	populations	in	the	
Stevens	Canyon	study	area.	
Channels	are	influential	in	dispersal	of	invasive	plants	by	potentially	being	a	
vector	of	movement	over	longer	distances.	Sediment	bulges	however,	could	play	a	
pivotal	role	in	the	colonization	and	continued	dispersal	of	invasive	plants.	Sediment	
bulges	could	be	havens	for	invasive	plants	in	otherwise	hostile	environments	because	
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they	accumulate	sediment.	Over	time	as	sediment	accumulates,	organic	material	
accumulates,	and	soil	stabilizes	with	the	system,	sediment	bulges	could	develop	soils	
suitable	for	invasive	plant	colonization.	These	land	surface	areas	could	then	be	oases	
providing	an	area	for	satellite	populations	of	invasive	plants	to	spread	deeper	into	the	
park	landscape.	
On	the	middle	transects	of	debris	cones	1	and	3	it	is	more	difficult	to	determine	
if	geomorphic	processes	are	facilitating	invasive	plant	spread	due	to	a	low	number	of	
population	occurrences.	However,	when	observing	the	surface	profiles	it	can	be	seen	
that	the	few	populations	present	seem	to	be	occupying	incised	channels	and	sediment	
bulges.	These	debris	cones	express	a	similar	situation	as	debris	cones	2,	5,	and	6.	This	
suggests	that	even	with	a	smaller	amount	of	dispersal	onto	the	debris	cones,	the	same	
geomorphic	process	could	be	facilitating	establishment.	The	difference	could	be	
attributed	to	a	dampening	of	these	processes	due	to	human	interaction	from	road	and	
culvert	management.	The	culvert	system	on	the	road	is	inconsistent	and	lacking	the	
culvert	openings	at	the	top	of	the	cone.	The	lack	of	a	culvert	opening	at	the	top	of	a	
debris	cone	may	dampen	the	spread	of	invasive	plants	by	reducing	the	amount	of	
hydrologic	flow,	erosional,	and	depositional	material	carried	onto	and	within	the	debris	
cone,	thus	causing	the	reduced	spread	of	invasives	on	cones	1	and	3.		
One	could	argue	that	St.	John’s-wort	may	have	dispersed	onto	the	debris	cones	
via	wind,	considering	the	commonly	windy	conditions	in	Stevens	Canyon	and	the	ability	
of	St.	John’s-wort’s	seed	to	disperse	via	wind	(Sheahan	2012).	This	may	be	true	of	some	
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of	the	more	randomly	placed	populations,	which	were	observed	away	from	the	incised	
channels	and	bulges,	but	it	is	likely	not	the	case	for	the	populations	present	on	the	
surface	features.	Considering	the	transect	results	from	this	study,	it	seems	that	the	
majority	of	the	invasive	populations	found	within	incised	channels	and	on	the	sediment	
bulges	they	were	likely	moved	to	these	locations	from	Stevens	Canyon	Road	via	the	
geomorphic	processes	of	sediment	movement	and	hydrologic	flow.	
Though	it	is	not	a	target	species	in	the	study,	common	mullein	was	found	only	on	
the	middle	transect	of	debris	cone	2,	and	in	mainly	low	population	densities.	Mullein	
may	not	have	been	present	on	the	road	because	of	successful	treatments	by	MORA	
invasive	plant	management,	an	unsuccessful	growth	year,	or	not	suitable	microhabitat.	
However,	mullein	being	found	on	the	middle	of	debris	cone	2	offers	some	great	insight	
into	the	cone’s	geomorphology.	The	populations	suggest	there	is	the	possibility	that	
hydrologic	and	sediment	movement	could	be	moving	the	mullein	seed	bank	from	the	
roadside.		
Mullein	has	no	adaptation	for	long-distance	seed	dispersal	and	long-distance	
dispersal	is	quite	rare	in	natural	settings;	most	seed	falls	very	near	the	parent	plant	
(Gucker	2008).	This	suggests	that	for	mullein	to	move	considerable	distances,	such	as	
from	a	roadside	to	the	middle	of	a	disturbed	hill	slope,	it	likely	needs	a	physical	
mechanism.	The	presence	of	mullein	on	the	middle	of	debris	cone	2	suggests	that	the	
sediment	and	hydrologic	movement	of	materials	downslope	has	likely	moved	the	
roadside	seed	bank	dispersed	by	past	populations.	Additionally,	this	shows	that	
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geomorphic	processes	are	facilitating	mullein	movement,	like	St.	John’s-wort,	and	it	
could	be	true	of	many	other	invasive	plant	species	within	MORA.	
The	Stevens	Creek	observations	of	St.	John’s-wort	are	significant	because	they	
show	that	the	plants	are	likely	moving	through	the	debris	cone	systems	and	into	other	
landscapes.	With	so	many	viable	ways	to	potentially	spread	via	geomorphic	processes	
and	colonize	new	harsh	landscapes,	it	is	not	surprising	how	prolific	St.	John’s-wort	is	in	
MORA.	St.	John’s-wort	is	likely	able	to	colonize	the	Stevens	Canyon	area	so	successfully	
due	to	a	long-lasting	viable	seed	bank,	and	the	root	adaptations	it	has	made.	Spreading	
from	broken	or	injured	roots	and	successfully	creating	new	seedlings	from	them	is	a	
perfect	adaptation	to	have	when	occupying	a	geomorphically	active	area	such	as	
Stevens	Canyon	and	MORA.	Additionally,	having	a	positive	feedback	relationship	with	
mycorrhizal	fungi	is	beneficial.	It	could	allow	St.	John’s-wort	to	better	colonize	the	
harsh,	dry,	south	facing	slopes	of	Stevens	Canyon	and	be	a	threat	to	other	nutrient	
lacking,	harsh	MORA	landscapes.	
With	the	plants	moving	to	the	bottom	of	the	canyon	and	establishing	
populations,	the	plants	will	likely	spread	further	throughout	the	park.		The	observations	
at	the	toes	of	the	debris	cones	likely	indicate	that	the	regular	downslope	movement	of	
water	and	sediment	through	the	identified	geomorphic	features	is	carrying	invasive	
plant	material	to	where	they	otherwise	may	not	spread.	The	creek	observations	also	
present	a	look	into	the	potentially	aggressive	spreading	of	St.	John’s-wort	via	the	
constantly	disturbed,	and	connected,	riparian	and	paraglacial	landscapes	within	MORA.		
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It	is	possible,	however,	that	St.	John’s-wort	arrived	at	the	base	of	Stevens	Canyon	
via	other	mechanisms.	It	could	have	been	blown	in	by	wind,	either	from	Stevens	Canyon	
road	or	from	other	areas	of	the	park,	but	this	is	difficult	to	determine.	However,	as	
previously	stated,	debris	cones	are	a	vital	component	to	the	overall	health	of	riparian	
systems.	Debris	cones	and	other	paraglacial	formations	are	sediment	sinks	that	supply	
eroded	materials	to	connected	riparian	systems	(Church	and	Ryder	1972,	Ballantyne	
2002a,	Knight	and	Harrison	2018).	This	is	crucial	material	to	building	riparian	systems	
and	other	related	or	connected	systems	downstream	of	the	debris	cones.	Within	this	
sediment	and	water	moving	downslope,	there	is	a	very	high	potential	for	invasive	plant	
seed	to	be	intermixed	and	inevitably	moved	via	normal	and	regularly	occurring	
geomorphic	processes.	
	 Ultimately,	the	observations	of	St.	John’s-wort	in	Stevens	Creek	show	the	
connected	nature	of	the	debris	cones	and	the	Stevens	Creek	riparian	system,	and	
movement	of	invasive	plants	within	it.	It	also	illustrates	that	the	introduction	of	invasive	
plants	on	roadsides	is	only	the	beginning	of	invasive	plant	spread.	This	means	that	
backcountry	settings	are	at	high	risk	of	invasive	plant	colonization	from	front	country	
locations.	Natural	and	regularly	occurring	geomorphic	processes	within	MORA	that	are	
adjacent	to	invaded	roadsides	may	easily	facilitate	spread,	especially	if	the	processes	
carry	material	into	the	backcountry.	Additionally,	the	information	suggests	that	to	know	
the	extent	of	colonization	and	needs	for	management,	the	most	unlikely	of	habitats	
should	be	considered	for	invasive	plant	surveys,	monitoring,	and	treatment.	
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Objective	4:	Landscape	Comparison	
 
Due	to	St.	John’s-wort’s	widespread	establishment	within	MORA	and	common	
mullein’s	invasive	ability,	it	is	likely	that	there	are	other	active	paraglacial	landscapes	
within	the	park	at	risk	of	invasive	plant	spread	and	colonization.	In	addition	to	Stevens	
Canyon	Road,	Highway	123	and	Highway	410	in	the	eastern	section	of	the	park	are	each	
potential	locations	where	invasive	plants	could	spread	in	a	similar	manner.	These	two	
roads,	along	with	Stevens	Canyon,	have	some	of	the	most	densely	populated	sections	of	
roadside	inhabited	by	St.	John’s-wort	(Popek	2020).		
According	to	annual	treatment	data	from	the	MORA	exotic	plant	database,	St.	
John’s-wort	and	common	mullein	have	been	and	still	are	prolific	invasive	plants	at	all	
locations.	The	areas	of	Highway	410	and	Highway	123	have	been	treated	for	St.	John’s-
wort	and	common	mullein	since	2000,	when	treatments	were	likely	all	mechanical.	
Presently,	the	highway	roadsides	experience	chemical	treatments	annually,	occasionally	
two	when	time	permits.	These	treatments	are	effective	with	time,	but	the	roads	are	
adjacent	to	steep	valley	walls	that	are	characteristic	of	paraglacial	landscapes	similar	to	
the	debris	cones	of	Stevens	Canyon.	
Riedel	and	Dorsch	(2016)	estimated	that	12%	of	the	park’s	land	surface	is	
covered	by	debris	cones	and	debris	aprons.	Associated	paraglacial	transitional	
landforms,	debris	fans,	debris	cone	terraces,	and	valley	walls	make	up	an	additional,	
estimated	63%	of	MORA’s	land	surface.	This	is	a	considerable	amount	of	land	surface	
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that	could	be	at	risk	of	invasive	plant	dispersal	via	sediment	and	hydrologic	movement	
through	the	various	landforms.		
Highway	123	and	410	navigate	their	way	through	a	considerable	amount	of	
surface	area	occupied	by	paraglacial	landforms.	An	approximately	10	mi-long	section	of	
Highway	123	from	Ohanapecosh	Campground	to	Deer	Creek,	the	majority	of	the	road	
through	MORA,	travels	through	or	adjacent	to	paraglacial	landforms.	Within	the	
Ohanapecosh	watershed	there	are	20	observed	debris	cones	scattered	among	debris	
aprons	(Riedel	and	Dorsch	2016).	Before	Highway	123	breaks	off	to	follow	Chinook	
Creek,	the	road	is	adjacent	to	a	number	of	debris	cone	formations.	Additionally,	as	
Highway	123	navigates	up	Chinook	Creek	to	Deer	Creek,	there	are	more	debris	cones	
present	(Riedel	and	Dorsch	2016).		
Highway	410	from	just	above	its	junction	with	Sunrise	Road	and	nearing	the	park	
boundary,	the	highway	follows	the	White	River	watershed.	Within	this	watershed	there	
are	an	observed	22-debris	cone	formations	located	among	debris	apron	dominated	
surfaces	(Riedel	and	Dorsch	2016).	In	proximity	to	the	road,	there	are	very	few	debris	
cones	present	before	the	road	follows	floodplain	landscape	out	of	the	park.	However,	
the	few	present	are	adjacent	to	recorded	invasive	plant	populations.	
Though	the	debris	cones	in	the	Highway	123	and	410	corridors	amount	to	a	small	
percentage	of	the	overall	surface	area,	they	none	the	less	offer	invasive	plant	species	
already	colonizing	the	road	a	route	into	more	secluded	landscapes	of	MORA.	Similar	to	
Stevens	Canyon,	Highway	123	and	410	contain	the	invasive	plant	species,	land	surface	
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formations,	and	likely	geomorphic	processes	to	potentially	have	alike	outcomes	of	
invasive	plant	spreading	and	colonization.	However,	the	natural	and	anthropogenic	
characteristics	of	Stevens	Canyon	need	to	be	taken	into	consideration	before	assuming	
that	the	land	surfaces	will	function	similarly.	
The	slope	angle,	ridge	aspect,	rock	type	or	parent	material,	sediment	load,	water	
availability,	and	growth	season	temperatures	are	unique	to	Stevens	Canyon.	These	
characteristics	encompass	some	of	the	necessary	aspects	of	the	microhabitat	needed	on	
the	debris	cones	to	enable	invasive	plant	growth	in	the	study	area.	It	is	not	guaranteed	
that	the	other	similar	paraglacial	landforms	park-wide	will	provide	the	necessary	
microhabitat	to	allow	for	invasive	plant	spread	and	colonization,	but	it	is	possible.	
Furthermore,	human	modification	to	the	study	area,	the	culvert	system,	is	extensive	and	
likely	facilitating	the	spread	of	invasive	plants.		
Though	there	are	other	culvert	systems	throughout	the	park,	those	systems	may	
not	offer	the	same	hydrologic	flow,	spreading	capability,	and	growing	conditions	to	
facilitate	similar	invasive	plant	growth	as	in	Stevens	Canyon.	The	Stevens	Canyon	culvert	
system	drains	approximately	a	mile	of	road	and	ridgeline.	Within	this	mile,	an	estimated	
11	chutes	regularly	contributes	precipitation	run-off	and	snowmelt	to	an	estimated	17	
interconnected	culvert	openings	ending	in	multiple	“springs”	at	the	tops	of	the	debris	
cones.	This	water	is	concentrated	and	draining	adjacent	to	invasive	plant	populations	
that	have	persisted	on	the	roadside.	
The	paraglacial	land	surface	characteristics	adjacent	to	the	roads	and	presence	
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of	St.	John’s-wort	make	Highway	123	and	Highway	410	potential	sites	for	extensive	
invasive	plant	dispersal	and	colonization.	However,	there	is	no	guarantee	that	the	
paraglacial	landforms	on	the	highways	will	have	similar	geomorphic	functions	to	Stevens	
Canyon,	thus	potentially	not	creating	an	ideal	microhabitat	to	allow	for	invasive	plant	
communities	to	form.	Additionally,	it	is	evident	that	the	culvert	system	along	Stevens	
Canyon	Road	has	a	large	influence	on	the	function	of	the	debris	cone	systems	in	the	
study	area.	The	culvert	systems	are	likely	increasing	the	potential	for	invasive	plant	
movement	in	Stevens	Canyon,	making	invasive	plant	spreading	on	Highway	123	and	410	
less	of	a	concern	with	lack	of	an	extensive	culvert	system	and	differing	natural	
processes.	
	
Objective	5:	Management	Recommendations	
 
A	contribution	of	this	research	is	to	make	recommendations	to	invasive	plant	
managers	about	disturbed	landscapes	in	need	of	monitoring	and	treatment	as	a	result	
of	the	potential	for	invasive	plant	colonization	and	spreading.	
	 Successfully	treating	invasive	plant	populations	is	a	difficult	task,	especially	in	
landscapes	as	dynamic	as	mountains.	Mountainous	landscapes	can	limit	access	and	the	
ability	of	crews	to	treat	problem	populations	because	of	unpredictably	precarious	
situations	in	the	treatment	areas.	St.	John’s-wort,	and	many	other	MORA	invasive	
plants,	is	most	successfully	treated	in	MORA	using	chemical	treatments	via	backpack	
sprayers.	However,	steep,	unpredictable	areas	the	plant	occupies,	such	as	Stevens	
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Canyon,	make	treating	in	this	manner	dangerous	work.		
A	potential	alternative	to	chemical	treatments	in	dangerously	steep	landscapes	
in	MORA	could	be	native	plant	seeding.	During	the	study,	it	was	observed	on	multiple	
roadside	transects	that	where	native	vine	maple,	slide	alder,	thimbleberry,	and	ferns	
were	most	densely	established,	St.	John’s-wort	was	still	present,	but	in	much	less	
abundance	than	other	areas	on	the	same	transect.	These	species	were	also	the	most	
regularly	observed	native	plants	on	the	middle	transects	of	the	debris	cones.	This	leads	
me	to	believe	that	where	chemical	spraying	isn’t	safely	feasible,	that	native	plant	
seeding	could	be	a	safe	and	effective	alternative.	With	time	and	the	higher	influx	of	
native	plant	material,	like	annual	chemical	treatments,	the	more	adapted	native	plants	
could	establish	populations	and	outcompete	the	invasive	plants	on	these	dynamic	
landscapes.	
The	spreading	of	St.	John’s-wort	and	other	invasive	plant	species	on	debris	cones	
and	associated	paraglacial	features	will	not	become	apparent	until	further	research	is	
conducted.	Stevens	Canyon	Road	could	be	a	unique	circumstance	within	MORA	because	
of	the	extensive	amount	of	road	maintenance	in	association	with	natural	geomorphic	
processes.	However,	road	maintenance	is	likely	in	the	future	and	there	will	be	a	need	to	
limit	the	human	influence.	To	curb	the	invasive	plant	problems	generated	by	road	
maintenance,	regular	post-construction	monitoring	surveys	could	be	done	of	the	
construction	area	to	stay	ahead	of	dispersal	and	colonization.	Additionally,	treatments	
adjacent	to	construction	areas	could	be	regularly	done	to	limit	the	spread	of	existing	
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neighboring	populations.	With	road	maintenance	likely	planned	and	continued	creation	
of	paraglacial	landscape	in	a	changing	climate,	it	is	best	to	understand	the	relationships	
between	the	physical	and	biological	systems,	and	inquire	about	our	(human)	influence	
on	them	to	better	manage	park	resources.		
Throughout	the	Pacific	Northwest	there	are	areas	managed	for	invasive	plants	
that	contain	landscapes	that	are	topographically	complex	and	geomorphically	active.	
The	results	provided	from	this	study	can	help	managers,	particularly	in	similar	areas,	
such	as	Olympic	and	North	Cascades	National	Parks,	better	target	their	management	
plans	according	to	the	dynamic	processes	of	debris	cones	and	improve	the	
understanding	of	where	and	how	invasive	plants	are	moving	within	their	boundaries.	A	
recommendation	to	focus	invasive	species	management	along	roads	with	active	debris	
cones	may	assist	in	targeting	particularly	vulnerable	habitats	from	invasive	species.	
Additionally,	surrounding	federal	forests	and	state	parks	could	also	benefit	if	managers	
adjust	their	invasive	species	treatments	to	target	areas	of	road	construction.	An	invasive	
species	management	plan	that	may	be	able	to	integrate	the	compounding	effects	of	
roads,	culverts,	and	debris	cones	that	act	as	conduits	for	hydrologic	flow	and	invasive	
species	in	mountainous	areas	may	make	invasive	species	treatments	more	efficient	in	
the	future.	
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CHAPTER	VII	:	CONCLUSION	
 
Based	on	the	study	findings	it	seems	likely	that	many	paraglacial	landscapes	and	
riparian	systems	within	MORA	are	at	risk	of	continued	invasive	plant	spreading	and	
colonization	from	roadside	populations.	To	better	manage	this	dispersal	and	
colonization,	and	to	protect	the	native	ecology,	the	disturbed	valley	slopes	and	
connected	riparian	systems	should	be	monitored	closely.	This	is	especially	true	when	
new	disturbances	occur	given	that	St.	John’s-wort,	and	other	invasive	plants	present	in	
the	park,	are	early	succession	species	that	typically	invade	disturbed	landscapes	(Zouhar	
2004;	Sheahan	2012).	
	 With	this	knowledge,	it	seems	best	that	when	riparian	disturbances	and	valley	
slope	disturbances	adjacent	to	invasive	plant	communities	occur,	monitoring	for	
invasive	plants	within	the	new	disturbance	area	needs	to	begin.	By	monitoring	
disturbances	shortly	after	they	take	place	it	will	allow	managers	get	a	better	sense	of	
when	the	invasive	plants	arrive,	when	to	begin	treatments	of	the	disturbance	area,	and	
how	much	management	is	needed.	This	plan	also	allows	managers	to	control	invasive	
plant	populations	before	they	become	unmanageable	and	potentially	a	major	issue	for	
the	surrounding	native	ecology.	Identifying	landscapes	with	similar	geomorphic	
processes	as	the	Stevens	Canyon	study	area	is	also	a	good	addition	to	invasive	plant	
management.	
In	addition	to	disturbed	areas,	landscapes	that	have	geomorphic	processes	
similar	to	the	debris	cones	of	Stevens	Canyon	should	be	monitored.	By	identifying	the	
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similar	processes	and	where	the	processes	have	influence,	it	can	help	track	invasive	
plant	dispersal.	By	following	the	processes,	the	full	extent	of	the	invasive	plant	
communities	could	be	known	and	give	a	better	sense	of	where	the	invasive	plants	are	
going	and	how.	This	knowledge	can	then	be	applied	to	managing	backcountry	
populations	of	invasive	plants	before	they	become	unmanageable	in	remote	or	harder	
to	access	areas	of	MORA.	By	monitoring	and	treating	these	remote	populations,	likely	
dispersed	from	roadside	populations,	the	area	of	invasion	can	be	cut	down	and	over	
time	be	pushed	back	to	the	front	country	where	they	can	be	more	easily	monitored	and	
treated.	
Though	these	management	suggestions	could	take	time	to	implement	or	
introduce	into	a	management	plan,	they	are	seemingly	necessary	steps	in	the	right	
direction	in	order	to	limit	further	invasive	plant	dispersal	and	colonization	in	MORA.	
However,	these	practices	could	also	be	useful	in	many	other	national	parks	across	the	
nation	as	other	parks	have	landscapes	currently	or	previously	influenced	by	glaciers.		
As	previously	mentioned,	paraglacial	landscapes	are	areas	of	the	Earth’s	surface	
previously	covered	in	glacier	ice	that	has	since	receded	and	makes	the	land	surface	
unstable	and	prone	to	activity	and	disturbance.	Since	the	1950s,	the	glaciers	of	the	
Pacific	Northwest	and	continental	United	States	have	drastically	decreased,	which	has	
increased	the	area	of	paraglacial	landscapes.	Glaciers	of	North	Cascades	National	Park	
have	decreased	by	over	7%,	and	specifically	the	large	South	Cascade	Glacier	has	shrunk	
by	22%	(Granshaw	and	Fountain	2006).	In	Olympic	National	Park	the	iconic	Blue	Glacier	
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over	a	40-year	span	saw	a	2%	retreat	at	it’s	terminus	and	continues	to	shrink	(Conway	et	
al.	1999).	The	continental	glaciers	of	Glacier	National	Park	are	all	but	remnants	of	their	
past	glory.	One	of	the	most	photographed	glaciers	in	the	park,	the	Grinnell	Glacier,	is	
more	than	40%	of	it	former	acreage	over	a	35-year	time	period	(Key	et	al.	2002).	These	
statistics	show	that	this	is	a	problem	that	could	be	shared	between	many	National	Parks	
across	the	United	States,	and	provides	insight	into	why	invasive	species	management	is	
a	high	priority	within	the	mission	of	resource	management	in	National	Parks.	
With	more	paraglacial	landscapes	being	created	in	a	changing	climate,	more	
disturbed	landscapes	are	becoming	available	for	invasive	plant	dispersal	and	
colonization.	Furthermore,	this	increase	in	available	land	surface	coupled	with	
increasing	temperatures	at	elevation	may	increase	the	likelihood	of	spreading	and	
colonization	by	invasive	plants	to	new	ecosystems.	In	order	to	protect	the	remaining	
native	ecology	of	unique	National	Park	landscapes,	resource	managers	may	need	to	
adjust	their	management	plans.	Incorporating	more	monitoring	and	treatments	of	
landscapes	influenced	by	various	geomorphic	processes	that	could	be	facilitating	
invasive	species	dispersal	could	better	manage	backcountry	and	remote	settings.	
Without	management	of	these	disturbed	landscapes	the	invasive	species	could	easily,	
over	time,	influence	and	change	the	ecology	from	the	unique,	protected	environment	
that	established	the	parks	to	begin	with,	to	unrecognizable	environments	stripped	of	its	
beauty.	
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